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PREFACE 

This  handbook,  Life  Cycle  Environments,  is  the  fourth  in  a series  on  the 
nature  and  effects  of  environmental  phenomena.  Environmental  factors  - 
natural  and  induced  - are  discussed  Individually  in  Parts  Two  and  Three, 
respectively.  In  this  Part  Four  the  real  environment,  to  which  materiel  and 
personnel  are  subjected,  is  described  and  its  effects  are  discussed.  These  are 
comprised  of  various  combinations  of  the  individual  factors,  often  exhibiting 
synergistic  effects. 

The  contents  are  directed  at  the  materiel  design  engineer  to  (1)  alert  him 
to  the  multiplicity  of  environmental  effects  that  affect  materiel  in  a given 
instance,  and  (2)  provide  him  with  sufficient  information  to  identify  the 
specific  environmental  effects  that  require  more  extensive  analyses.  The 
emphasis  is  on  the  totality  of  the  factors  characterizing  a climate,  on  the 
totality  of  effects  experienced  by  classes  of  materiel,  and  on  the  totality  of 
factor  combinations  experienced  in  the  life  cycle  - separated  into  logistic 
and  operational  phases. 

It  is  impractical  to  acknowledge  the  assistance  of  each  individual  or 
organization  which  contributed  to  the  preparation  of  this  handbook. 
Appreciation,  however,  is  extended  to  the  following  organizations  and 
through  them  to  the  individuals  concerned: 

a.  Frankford  Arsenal 

b.  US  Army  Cold  Regions  and  Research  and  Engineering  Laboratory 

c.  US  Army  Engineer  Topographic  Laboratories 

d.  US  Army  Natick  Laboratories 

e.  US  Army  Tank-Automotive  Command 

f.  Atmospheric  Sciences  Laboratory,  US  Army  Electronics  Command. 

The  handbook  was  prepared  by  the  Research  Triangle  Institute,  Research 
Triangle  Park,  NC  - for  the  Engineering  Handbook  Office  of  Duke 
University,  prime  contractor  to  the  US  Army  Materiel  Command  - under 
the  general  direction  of  Dr.  Robert  M.  Burger.  Technical  guidance  and 
coordination  were  provided  by  a committee  under  the  direction  of  Mr. 
Richard  C.  Navarin,  Hq,  US  Army  Materiel  Command. 

The  Engineering  Design  Handbooks  fall  into  two  basic  categories,  those 
approved  for  release  and  sale,  and  those  classified  for  security  reasons.  The 
US  Army  Materiel  Command  policy  is  to  release  these  Engineering  Design 
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Handbooks  in  accordance  with  current  DOD  Directive  7230.7,  dated  18 
September  1973.  All  unclassified  Handbooks  can  be  obtained  from  the 
National  Technical  Information  Service  (NTIS).  Procedures  for  acquiring 
these  Handbooks  follow: 

a.  Ail  Department  of  Army  activities  having  need  for  the  Handbooks 
must  submit  their  request  on  an  official  requisition  form  (DA  Form  17, 
dated  Jan  70)  directly  to: 


Commander 

Letterkenny  Army  Depot 
ATTN:  AMXLE-ATD 
Chambersbuig,  PA  1 720 1 

(Requests  for  classified  documents  must  be  submitted,  with  appropriate 
“Need  to  Know”  justification,  to  Letterkenny  Army  Depot.)  DA  activities 
will  not  requisition  Handbooks  for  further  free  distribution. 

b.  All  other  requestors,  DOD,  Navy,  Air  Force,  Marine  Corps,  nonmilitary 
Government  agencies,  contractors,  private  industry,  individuals,  universities, 
and  others  must  purchase  these  Handbooks  from: 

National  Technical  Information  Service 
Department  of  Commerce 
Springfield,  VA  221S1 

Classified  documents  may  be  released  on  a “Need  to  Know”  basis  verified  by 
an  official  Department  of  Army  representative  and  processed  from  Defense 
Documentation  Center  (DDC),  ATTN:  DDC-TSR,  Cameron  Station, 
Alexandria,  VA  22314. 

Comments  and  suggestions  on  this  Handbook  are  welcome  and  should  be 
addressed  to: 


Commander 

US  Army  Materiel  Command 
ATTN:  AMCRD-TV 
Alexandria,  VA  22333 

(DA  Forms  2028,  Recommended  Changes  to  Publications,  which  are 
available  through  normal  publications  supply  channels,  may  be  used  for 
comments/suggestions. ) 
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CHAPTER  1 

INTRODUCTION 


This  handbook  presents  information  on  the 
environment  to  which  Army  materiel  is 
subjected  during  its  life  cycle.  It  is  directed  to 
the  materiel  design  engineer  ( 1 ) to  alert  him 
to  the  multiplicity  of  environmental  effects 
on  materiel,  and  (2)  to  provide  him  with 
sufficient  information  to  identify  specific 
environmental  etfects  that  require  more 
extensive  analysis.  The  emphasis  in  the 
chapters  that  follow  is  on  the  totality  of 
factors  characterizing  a climate,  on  the 
totality  of  effects  experienced  by  classes  of 
materiel,  and  on  the  totality  of  factor 
combinations  experienced  in  the  life  cycle 
separated  into  logistic  and  operational  phases. 
That  the  presentation  is  incomplete  reflects 
on  the  limited  availability  of  information  on 
life  cycle  environments  and  on  practical 
limitations  on  the  recovery  of  this  informa- 
tion from  diverse  sources. 

This  handbook  is  Part  Four  of  the 
Environmental  Series  of  Engineering  Design 
Handbooks.  Part  One,  Basic  Environmental 
Concepts,  introduces  the  series,  Parts  Two 
and  Three  provide  extensive  information  on 
environmental'  factors  taken  singly,  and  Part 
Five  provides  a glossary,  Although  this  series 
is  coordinated,  each  purt  may  be  employed 
separately.  There  is,  therefore,  a desirable 
degree  of  overlap  in  the  contents,  although 
the  objective  of  each  of  the  handbooks  is 
distinct  from  the  others.  For  exumple,  a 
pervasive  environmental  factor  may  be  dis- 
cussed for  different  purposes  in  a number  of 
chapters;  e.g,,  temperature  is  the  subject  of 
one  chapter  in  Part  Two  where  it  is  treated  as 
a distinct  factor  and  is  treated  in  other 
chapters  in  Parts  Two  and  Three  where  its 
interactions  with  other  factors  are  brought 
out. 


1-1  ENVIRONMENT  AND  ENVIRONMEN- 
TAL FACTORS 

Environment  is  the  totality  of  natural  and 
induced  conditions  occurring  or  encountered 
at  a given  time  or  place  including  climatic, 
edaphic,  biotic,  and  topographic  factors  us 
well  as  the  induced  fuctors  comprising 
radiation  of  all  types,  mechanical  stresses,  and 
uirborne  pollutants.  For  this  handbook  series, 
21  environmental  factors  are  identified  and 
discussed.  The  natural  environmental  factors 
are; 

Terrain 

Temperature 

Humidity 

Pressure 

Solar  Radiation 

Rain 

Solid  Precipitation 
Fog  and  Whiteout 
Wind 

Salt,  Salt  Fog,  and  Salt  Water 
Ozone 

Maerobiologicul  Organisms 
Microbiological  Organisms 

The  induced  environmental  factors  are: 

Atmospheric  Pollutunts 
Sand  and  Dust 
Vibrutlon 
Shock 

Acceleration 

Acoustics 

Electromagnetic  Radiution 
Nuclear  Radiution 

For  some  purposes  the  term  “environ- 
ment” covers  all  possible  combinations  of 
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factors-it  is  a monolithic  whole.  By  this 
definition,  any  subdivision  of  the  environ- 
ment into  segments  is  a violation  of  the 
definition  and  is  completely  arbitrary.  How- 
ever, there  are  practical  reasons  for  defining 
specific  environments  or  regions  of  the 
environment  characterized  by  the  occurrence 
and  severity  of  various  combinations  of 
environmental  factors.  This  permits  logicui 
derivation  of  environmental  concepts  und 
provides  a means  for  discussing  a complex, 
multiparameter,  multivalue  situation.  Certain 
combinations  of  environmental  factors  occur 
with  sufficient  frequency  to  be  useful  in 
categorizing  environment  without  redefining 
the  occurrence  and  magnitude  of  environ- 
mental factors  each  time.  Finally,  the  use  of  a 
broader  definition  is  attractive  because 
categories  of  environment  can  be  identified 
(correlated)  with  specific  events  or  stages  in 
the  life  cycle  of  materiel, 

The  practice  in  this  handbook  series  is  to 
allow  identification  of  types  of  environments 
or  specific  regions  of  the  environment.  It  does 
not,  however,  extend  to  the  identification  of 
an  environment  by  one  environmental  factor; 
U\,  terminology  such  as  “the  electromagnetic 
radiation  environment"  is  in  contradiction  to 
the  definition.  The  environment  is  the  totality 
of  all  factors  at  a given  time  or  place  and  the 
use  of  “tropical"  or  “logistics"  se-ve  only  to 
identify  the  time  or  place. 

One  useful  way  in  which  environment  is 
classified  is  by  climate -the  occurrence  of 
particular  combinations  of  natural  environ- 
mental factors  and  factor  values  in  particular 
geographic  regions.  Table  1-1  demonstrates 
the  relationship  among  the  various  individual 
environmental  factors  and  the  four  major 
climatic  types:  temperate,  arctic,  desert,  and 
tropical.  It  is  important  to  note  that  a 
classification  system  based  on  climate  is  not 
related  directly  to  effects  on  materiel. 

The  climatic  environment  in  a particular 
geographic  location  ut  a particular  time  is  the 
same  for  ail  materiel  in  that  locution 
regardless  of  the  status  of  the  materiel,  unless 
it  is  modified  by  special  measures  taken  to 


protect  the  materiel.  It  turns  out,  however, 
that  the  climatic  environment  experienced  by 
materiel  in  a given  location  at  u given  time 
does,  indeed,  vary  with  status -not  because 
the  climatic  environment  has  changed,  but 
because  the  status  of  materiel  is  related  to  the 
amount  of  protection  provided  the  materiel. 
As  a result,  it  is  possible  to  correlate  exposure 
to  climatic  factors  with  specific  events  or 
phases  in  the  life  cycle  of  materiel,  based  on 
the  protective  measures  employed.  A prime 
example  would  be  the  difference  in  materiel 
exposure  to  ambient  climatic  factors  resulting 
from  open  storage  versus  dehumidified, 
covered  storage, 

Three  of  the  natural  environmental  fac- 
tors - terrain,  maci'obiological  organisms,  and 
microbiological  organisms  are  not  primarily 
functions  of  climate,  although  the  severity  of 
effects  produced  by  the  three  factors  is 
influenced  greatly  by  climatic  factors.  Gen- 
erally, the  severity  of  the  effects  of  these 
three  factors  must  be  assessed  for  each 
climatic  type  independently. 

The  induced  environmental  factors  are 
mixed  in  their  relationship  to  natural  und 
climatic  factors  -some  are  strongly  reluted  to 
certain  natural  factors  in  their  effects  on 
materiel  and  some  ure  virtually  independent 
of  all  other  environmental  factors,  natural  or 
induced.  It  is  instructive  to  consider  the 
relative  independence  of  the  induced  fuctors 
separately. 

Atmospheric  pollutants  interact  with 
humidity,  rain,  solar  radiation,  salt,  suit  fog, 
salt  water,  and  ozone  (u  pollutant  itself  at 
times)  to  accelerate  corrosion  und  other 
deteriorative  processes.  Induced  sand  and  dust 
ure  caused  primarily  by  vehicular  movement. 
Yet,  if  ruin  or  even  high  humidity  is  present, 
the  likelihood  of  sand  and  dust  being 
generated  by  vehicle  truverse  is  nearly  zero, 
Terrain  also  is  related  since,  if  sund  and  dust 
are  not  present  on  the  surface  of  the  terrain 
(hard  rock  surfaces),  no  reasonable  amount  of 
vehicle  truffle  will  induce  sand  and  dust 
problems. 
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TABLE  M. 

RELATIONSHIP  OP  ENVIRONMENTAL  FACTORS  TO  CLIMATE 

1 

■J 

j 

Factor  Temperate  Arctic  Desert 

Tropical 

+++  Key  factor 
++  Important  factor 
+ Active  factor 

0 Unimportant  or  absent  factor 
* Little  or  no  climatic  relationship 


Shock,  vibration,  and  acceleration  forces 
are  applied  to  most  materiel,  primarily  during 
transportation  and  handling.  The  shock  and 
vibration  of  materiel  during  surface  transit  Is 
related  directly  to  the  surface  characteristics 
of  the  terrain  traversed.  Some  materiel  such  as 


vehicles  and  weapons  are  subject  to  shock  and 
vibration  during  normal  use.  Acceleration  is 
rather  unique  in  that  highly  unusual  circum- 
stances are  required  before  accelerations  of 
magnitude  sufficient  to  have  an  effect  on 
materiel  occur.  The  occurrence  of  significant 
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acceleration  magnitudes  lies  so  far  outside  the 
normal  environment  of  military  materiel 
(with  the  possible  exception  of  rockets  and 
projectiles)  that  it  is  rare.  Because  of  the 
infrequent  occurrence  of  this  factor  in 
significant  magnitudes  in  the  normal  life  cycle 
of  materiel,  it  will  not  be  discussed  further  in 
this  volume. 

The  induced  radiation  factors  are  almost 
independent  of  other  environmental  factors. 
Electromagnetic  radiation  produces  two  ef- 
fects on  materiel:  (1)  RF  heating  whose 
effects  are  additive  to  those  produced  by 
temperature  and  solar  radiation,  and  (2) 
electromagnetic  interference,  which  is  essen- 
tially independent  (except  for  terrain  block- 
ing effects)  of  other  factors,  It  also  should  be 
noted  that  electromagnetic  interference  ef- 
fects are  rather  specific  affecting  only 
specialized  types  of  materiel  (primarily 
electronic  equipment  and  then  mostly  equip- 
ment that  radiates  or  receives  electromagnetic 
energy).  Acoustics  is  a similar  factor.  Noise,  as 
normally  encountered,  primarily  affects  per- 
sonnel and  can  be  neglected  for  most 
discussions  of  materiel,  although  it  can  be 
technically  significant  in  materiel  design  when 
silence  is  necessary  or  useful  for  concealment 
purposes,  or  when  the  noise  frequency  and 
intensity  is  injurious  to  personnel. 

Nuclear  radiation  is  a very  low  probability 
event,  requiring  nuclear  war  or  an  accidental 
nuclear  explosion.  Should  such  a nuclear 
event  occur,  however,  the  effects  produced  on 
materiel  nearby  are  *o  overwhelming  that  all 
other  environmental  factors  pale  into  insignif- 
icance. 

In  this  volume  certain  specific  environ- 
mental factors  will  not  be  discussed.  Those 
omitted  were  selected  by  using  two  criteria: 

(1)  If  a factor  is  virtually  independent  of 
all  other  factors,  it  will  not  be  discussed 
because  its  effects  already  have  been  covered 
fully  in  the  single-factor  discussions  of  Parts 
Two  and  Three. 

(2)  If  occurrence  of  a factor  is  considered 


to  be  a low  probability  event  in  the  materiel 
life  cycle,  it  is  not  discussed. 

The  factors  thus  exempted  from  discussion 
herein  are  acceleration,  acoustics,  electro- 
magnetic radiation,  and  nuclear  radiation.  A 
number  of  other  factors  are  discussed  in  little 
detail  because  their  interrelationships  arc 
rather  simple,  so  that  the  single-factor 
discussions  are  adequate  approximations  to 
their  overall  effects.  In  life  cycle  discussions 
herein,  primary  emphasis  is  given  to  those 
complexes  of  Interrelated  and  simultaneously 
occurring  factors  that  produce  significant 
effects  on  materiel.  The  probability  of 
simultaneous  occunencc  of  natural  factors  is 
delineated  clearly  when  these  natural  factors 
are  categorized  by  climate.  Because  of  the 
existence  of  this  correlation,  climatic  types 
form  the  foundation  for  discussion  of  natural 
climatic  factors  in  the  life  cycle  environment. 
Discussion  of  nonclimatic  factors  in  life  cycle 
environments  Is  integrated  within  this  struc- 
ture. 

1-2  MATERIEL 

Materiel  is  defined  as  all  items  necessary  for 
the  equipment,  maintenance,  operation,  and 
support  of  military  activities  without  distinc- 
tion as  to  their  application.  While  this 
handbook  is  concerned  with  all  materiel,  it 
places  emphasis  on  those  classes  of  materiel 
that  (1 ) constitute  more  of  a problem  because 
of  their  susceptibility  to  environmental 
effects,  (2)  are  critical  to  military  activities,  or 

(3)  are  of  high  value,  For  example,  little 
emphasis  is  placed  on  fuel  in  the  logistic 
environment  because  of  the  few  adverse 
effects  to  consider  but  much  emphasis  is 
placed  on  personnel  equipment  Items  and 
vehicles  in  the  operations  environment  be- 
cause of  the  important  effects  of  environment 
on  these  items  and  because  of  their  critical 
roles. 

The  interaction  of  materiel  with  environ- 
ment is  characterized  in  a variety  of  ways. 
One  indication  of  the  interaction  level  of 
various  classes  of  materiel  and  some  opera- 
tions is  given  in  Table  1-2.  These  data  are 
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TABLE  1-2. 

INTERACTION  OF  ENVIRONMENT  WITH  MATERIEL  AND  OPERATIONS  (R*f.  2) 
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subjective;  i.e.,  they  are  based  on  the 
consensus  of  a knowledgeable  study  team. 


1-3  PHASES  OF  THE  LIFE  CYCLE 

Life  cycle  as  applied  herein  to  materiel  has 
a somewhat  different  meaning  from  that 
applied  to  systems,  A system  life  cycle  can  be 
divided  into  five  phases:  (1)  concept  formula- 
tion, (2)  contract  definition,  (3)  development, 
(4)  production,  and  (5)  operation  (Ref.  1). 
This  is  an  inclusive  definition  encompassing 
every  step  in  the  development  of  military 


systems  from  concept  to  final  operating  unit. 
This  definition  is  not  suitable  for  discussing 
the  life  cycle  environment  of  Army  materiel. 
Although  information  on  the  environment  to 
which  materiel  is  exposed  is  important  in  the 
materiel  design  nnd  development  process,  the 
actual  life  of  a given  item  of  materiel  begins 
when  it  is  procured  by  the  military.  For  most 
manufactured  items,  the  life  of  the  materiel 
begins  with  delivery  from  the  supplier  and 
extends  to  the  point  of  expenditure  or 
disposal.  It  is  within  this  context  that  the 
term  "life  cycle"  is  employed  in  this 
handbook.  life  cycle  refers  to  the  totality  ol 
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events  experienced  by  materiel  from  the  point 
of  procurement  until  its  final  disposition. 

Materiel  procured  by  the  Army  is  procured 
for  use,  regardless  of  whether  that  use  consists 
of  (1)  a single  occurrence  in  which  the 
materiel  is  expended  or  destroyed,  or  (2) 
repetitive  uses  over  a relatively  long  period  of 
time,  Generally,  Army  materiel  is  not 
acquired  at  the  geographic  location  at  which 
it  is  used,  It  is  transported  from  the  point  of 
procurement  to  the  point  of  use.  Most 
materiel  is  procured  sometime  prior  to  its  use 
and  consequently  must  be  stored  until 
needed. 

The  materiel  life  cycle-extending  from 
procurement  to  expenditure  or  disposal - 
consists  of  two  phases:  (l)the  transportation 
and  storage  necessary  to  give  place  and  time 
utility  to  materiel,  and  (2)  operational  use  of 
the  materiel.  These  two  phases  can  be  defined 
as  being  the  logistic  and  the  operational 
phases  of  the  materiel  life  cycle.  The 
environment  experienced  by  muteriel  in  these 
two  phases  of  the  life  cycle  are  sufficiently 
different  to  be  uniquely  characterized  us  the 
logistic  environment  und  the  operations 
environment, 


1-3.1  LOGISTIC  PHASE 

The  Dictionary  of  Military  and  Associated 
Terms  defines  logistics  as  the  science  of 
planning  und  carrying  out  the  movement  and 
maintenance  of  forces  (Ref.  3),  in  its  most 
comprehensive  sense,  it  comprises  those 
aspects  of  military  operations  that  deal  with 
design,  development,  procurement,  storage, 
movement,  distribution,  maintenance,  evacua- 
tion, and  disposition  of  materiel.  In  this 
handbook,  logistics  has  a narrower  usage. 
First,  the  design  und  development  stuges  are 
not  included  since  the  environments  of  these 
activities  do  not  affect  procured  muteriel. 
Second,  maintenance,  evacuation,  and  disposi- 
tion of  materiel  are  not  included  since  the 
environment  in  these  portions  of  the  logistic 
cycle  have  little  importance-if  it  is  to  be 
reused,  the  materiel  will  tlrst  be  refurbished. 


Within  these  constraints,  the  logistic  cycle 
begins  at  the  point  of  procurement  and 
extends  until  issue  of  materiel  to  operating 
personnel. 

The  logistic  cycle  as  illustrated  in  Fig.  1-1 
consists  of  procurement  packaging  transport, 
storage,  and  issue.  Within  this  cycle  it  is 
apparent  that  handling  is  an  important  part  of 
the  logistic  environment  because  of  its 
repetitive  nature  and  severe  stresses  (primarily 
mechanical  shock  and  vibration).  In  the 
diagram,  the  storuge-transport  loop  illustrates 
the  repetitive  pattern  of  storage,  handling, 
und  transport  of  materiel  in  the  logistic  cycle. 
For  example,  materiel  may  be  transported 
from  the  point  of  procurement  to  a 
warehouse  within  the  continental  United 
States  und  stored  for  a period  of  time.  It  may 
then  be  transported  to  an  overseas  base  and 
again  stored  for  an  additional  period  of  time. 
Finally,  it  may  be  transported  to  a lower 
echelon  and  stored  ugain,  with  issue  to  the 
operating  unit  occurring  after  a number  of 
such  cycles. 


1-3.2  OPERATIONS  PHASE 

The  operations  environment  is  defined  in 
the  Dictionary  of  Military  and  Associated 
Terms  us  a composite  of  the  conditions, 
circumstances,  und  influences  that  affect  the 
employment  of  military  forces  and  bear  on 
the  decisions  of  the  commander  (Ref,  3).  The 
operational  phase  of  the  materiel  life  cycle  Is 
defined  in  this  handbook  to  meun  those 
conditions,  circumstances,  and  influences  thut 
affect  materiel  during  the  period  of  time  from 
issue  to  a user  organization  until  expenditure 
or  disposul. 

Once  materiel  has  been  issued  to  the  using 
unit,  it  is  in  the  operational  environment,  Fig. 
1-2  illustrates  the  rnaior  events  that  occur  in 
the  operational  cycle.  Most  materiel  is  not 
used  immediately  upon  issue  but  rather  must 
await  the  proper  circumstance  before  its  use. 
Materiel  in  the  hands  of  the  user,  but  not  in 
use,  is  in  operational  storage.  After  opera- 
tional storuge,  muteriel  is  transported  to  the 
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Figure  1-1,  Logistic  Cycle 


point  of  use  and  finally  used  for  the  purpose 
for  which  it  was  designed.  If  materiel  is 
reusable  or  reparable  after  use,  it  may  be 
transported  to  a depot  for  repair  and 
servicing,  after  which  it  reenters  the  logistic 
system  for  reuse.  .These  cycles,  outlined  in 
Fig.  1-2,  have  some  variation  as  indicared  by 
the  multiple  loops.  When  equipment  or 
materiel  has  reached  the  point  that  mainte- 
nance and  repair  are  no  longer  profitable,  the 
materiel  is  transported  for  disposal.  The  cycle 
outlined  in  Fig.  1-2  is  applicable  to  mqjor 
maintenance  only;  much  minor  repair  and 
maintenance  is  done  by  the  user.  The 
generalized  description  of  the  operational 
phase  varies  greatly  among  the  different  types 
of  materiel. 

The  operational  use  of  materiel  provides 
the  most  important  encounter  with  the 


environment.  To  this  point  in  the  life  cycle, 
emphasis  is  on  maintaining  the  materiel  in 
something  close  to  its  original  condition.  In 
operational  use,  materiel  is  not  protected..  If 
the  materiel  is  expendable,  it  must  function 
while  being  used-ammunition,  fuel,  and 
rations  must  perform  their  intended  functions 
regardless  of  climate  or  other  environmental 
factors.  Nonexpendable  materiel-vehicles, 
shelters,  weapons,  tools,  electronics,  and 
utilities-must  continue  to  function,  often 
v'ith  wide  variations  in  environmental  factor 
value.  Often,  the  maximum  stress  is  caused  by 
an  extreme  environmental  condition.  For 
example,  typical  extreme  stresses  on  vehicles 
are  encountered  In  mud,  snow,  or  river 
crossings;  for  shelters,  extreme  temperatures, 
wind,  and  precipitation  constitute  extreme 
operational  stresses.  The  effects  of  the 
operational  environment  often  constitute  the 


1 


1-7 


AMO*  706-1  IB 


Issue 

r* 

Operational  storage 

n 

Transport 

^ 

I 


Use 

\ 

Transport 

i 

K4 a 4 nf*  anonn  n 

naintenance 

Tt*  huh  not?  fc 

1 

Disposal 

Figure  1-2.  Operational  Cycle 
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mujor  reason  for  materiel  failure,  thereby 
determining  the  length  of  the  operational 
phase  of  the  life  cycle. 

The  operational  cycle  for  expendable  items 
is  considerably  less  complex  as  shown  in  Fig. 
1*3.  In  this  case,  materiel  that  is  issued  to  the 
using  unit  is  placed  in  operational  storage  and 
transported  to  the  location  where  its  use  is 
required.  Of  course,  for  expendable  items, 
this  use  terminates  the  life  cycle  of  the  item. 


1-4  ENVIRONMENTAL  EFFECTS  IN  THE 
LIFE  CYCLE 

Having  defined  the  logistic  and  operational 
phuses  of  the  materiel  life  cycle  in  the 
preceding  paragraph,  it  is  apparent  that 
storage  and  transport  are  important  in  both. 
To  illustrate  relationships  between  transport 
modes  and  environment,  Table  1-3  presents  a 
comparison  of  the  four  major  modes  of 
transport:  truck,  rail,  ship,  and  air.  In  this 
table,  the  environmental  exposures  that  occur 
for  open  and  closed  transport  are  described, 
and  the  environmental  factors  that  produce 
the  more  significant  effects  within  each 
environmental  exposure  are  listed. 

Table  1-4  lists  the  relationships  between 
types  of  storuge  and  the  environment 
experienced  by  materiel.  Three  representative 
types  of  storage  are  used  to  illustrate  the 
range  of  environmental  exposure  which  can 
occur  to  materiel  in  storage.  As  in  Table  1-3 
the  environment  Is  described  along  with  the 
most  significant  environmental  fuctors. 


Figure  1-3,  Operational  Cycle 
( Expendable  Items) 
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Table  1-5  depicts  the  relationship  of 
environmental  factors  to  various  stages  in 
materiel  life  cycles.  In  this  table  the  natural 
and  induced  environmental  factors  are  listed. 
The  columns  represent  important  stages  in  the 
logistic  and  operational  environments.  The 
logistic  environment  cycle  includes  transport, 
storage,  handling,  and  use.  The  operational 
environment  cycle  includes  transport,  storage, 
handling,  and  use.  In  both  cases  storage  is 
considered  to  be  sheltered  storage.  Open 
storage  is  in  a separate  column  since  it  is  the 
same  regardless  of  whether  the  materiel  is  in 
the  logistic  or  the  operational  environment. 
Within  this  matrix,  qualitative  information  is 
presented  concerning  the  number  of  different 
materiel  types  affected  by  the  environmental 
factor,  the  severity  of  the  effect  produced  on 
the  affected  materiel,  the  significance  of  the 
factors  to  the  phases  of  the  life  cycle,  and  the 
frequency  of  occurrence  of  the  effects  of  the 
various  factors.  While  the  information  pre- 
sented is  qualitative,  the  utility  of  the  table  Is 
the  concise  comparison  of  the  relative 
importance  of  environmental  factors  in  the 
major  phases  of  the  materiel  life  cycle. 

1-6  HANDBOOK  ORGANIZATION 

In  deference  to  the  unity  of  the  environ- 
ment, the  overall  natural  environment  for 
materiel,  regardless  of  its  status  or  phase  in 
the  life  cycle,  is  considered  in  Chap.  2 in 
which  the  climates  of  the  world  are  discussed. 
This  serves  to  indicate  the  variety  of  climatic 
conditions  possible.  Climatic  extremes  are 
given  to  delineate  the  range  of  various 
climatic  factors,  and  the  climate  of  the  Army 
is  discussed  on  the  basis  of  the  three  major 
severe  climatic  environments.  These  environ- 
ments arc  emphasized  because  the  probability 
of  materiel  degradation  or  other  inhibitory 
effect  is  exaggerated  by  extreme  environ- 
ments. 

Having  delineated  the  range  of  natural 
environmental  factors  to  be  expected  in  each 
climatic  category,  the  effects  of  these  factors 
on  materiel  and  personnel  are  considered  in 
Chap.  3.  The  major  effects  on  materiel 
discussed  include  interference,  mobility  degra- 


dation, and  mechanical  and  chemical  damage 
to  materiel. 

Chap.  4 approaches  the  effects  of  environ- 
ment on  operations  from  the  standpoint  of 
the  total  environment.  The  combinations  of 
factors  likely  to  occur  in  specific  environ- 
ments and  the  interactions  that  produce 
significant  effects  on  materiel  are  detailed  for 
the  three  extreme  climatic  environments. 
Pars.  4-2,  4-3,  4-4,  and  4-5  discuss  the 
rapid-acting  environmental  factors  that  impair 
operational  execution,  whereas  pur.  4-6 
discusses  the  factors  that  impair  operational 
readiness.  The  factors  of  most  significance  in 
operational  readiness  are  those  that  produce 
materiel  degradation. 

The  logistic  environment  is  explored  in 
Chap.  5.  Although  it  may  seem  more 
appropriate  to  discuss  the  logistic  environ- 
ment before  the  operations  environment  since 
it  occurs  earlier  in  the  materiel  life  cycle,  the 
operational  environment  involves  the  greater 
exposure  to  environmental  factors  and  deline- 
ates the  more  general  environment  for 
materiel.  In  the  logistic  environment,  materiel 
is  not  exposed  to  the  extremes  experienced  in 
operations  because  it  is  protected  (the 
packaging  and  other  protective  measures 
applied  to  materiel  in  the  logistic  environment 
ure  designed  to  reduce  the  extremes  of 
environmental  factors  applied  to  materiel). 
Thus,  it  can  be  seen  that  the  logistic 
environment  is  a special  case  of  the 
operational  environment  in  which  the  ex- 
tremes of  certain  factors  are  less. 

Handling,  storage,  and  transportation  ure 
three  distinct  functions  in  the  logistic  cycle, 
each  with  a different  environment  for 
materiel.  Handling  is  a function  in  every 
logistic  operation,  occurring  whenever  a 
change  in  status  of  the  mutcriel  occurs.  It 
produces  mechanical  shock  and  vibration 
stresses  on  materiel.  The  storuge  environment 
depends  upon  the  type  of  storage.  The 
transportation  environment  increases  expo- 
sure of  materiel  over  that  in  storage.  For 
example,  in  open  shipment  such  us  on  decks 
of  ships  or  in  open  boxcars  or  trucks,  the 
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packaged  materiel  is  exposed  to  the  full  range 
of  the  operational  climate  as  well  as  to  shock 
and  vibration  induced  by  the  transporting 
vehicle. 

Chap.  6 discusses  specifications  and  stan- 
dards, particularly  in  relationship  to  the 
environment.  Discussion  of  specifications  and 
standards  is  important  since  the  character- 
istics of  the  materiel  that  enters  the  military 
logistic  and  operational  environments  are 


determined  primarily  by  specifications  and 
standards.  These  specifications  and  standards 
produce  the  materiel  design.  Materiel  desieri, 
in  turn,  determines  its  resistance  to  environ- 
mental effects,  thus  determining  the  length  of 
the  life  cycle.  In  Chap.  6 an  overall  discussion 
of  specifications  and  standards  relating  briefly 
the  history  and  impact  of  standards  and 
specifications  is  given,  along  with  a discussion 
of  those  standards  and  specifications  particu- 
larly related  to  environment. 
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CHAPTER  2 

OPERATIONAL  CLIMATES  OF  THE  ARMY 


2-1  INTRODUCTION 

The  operational  climate  of  the  Army 
clearly  encompasses  the  full  spectrum  of 
terrestrial  climates.  In  nonmilitary  activities, 
extreme  climatic  stress  conditions  can  be  and 
usually  are  uvoidcd,  but  in  miiitury  operations 
this  option  cannot  be  exercised.  The  exposure 
of  materiel  to  environmental  extremes  con- 
stitutes, therefore,  the  most  important  differ- 
ence between  the  climate  of  the  Army  and 
climates  encountered  by  nonmilitary  materiel. 
Most  military  materiel  will  not  be  exposed  to 
extreme  conditions  and  that  which  is  will 
only  be  exposed  for  a small  percentage  of  its 
life  cycle.  Nevertheless,  when  such  exposure 
occurs,  the  materiel  must  perform  its 
intended  function.  Thus,  this  chapter  on  the 
climates  of  the  Army  Includes  general 
descriptive  information  on  world  climates 
with  particular  note  of  climatic  extremes,  but 
most  attention  is  given  to  those  climatic  types 
that  provide  the  most  stress  on  muteriel -the 
tropical,  desert,  and  arctic  environments. 

Part  One  of  this  Environmental  Series  of 
Engineering  Design  Hundbooks  contains  de- 
scriptions of  world  climates,  and  Purts  Two 
and  Three  include  descriptions  of  climate  us 
relevant  to  particular  environmental  factors. 
Thus,  u portion  of  the  material  in  this  chapter 
is  redundant  with  Information  In  other  purts 
of  this  handbook  series,  but  the  duplication  is 
necessitated  by  the  importance  of  climate  In 
consideration  of  muteriel  life  cycles. 

All  real  environments  involve  a number  of 
environmental  factors  acting  in  parallel  or  in 
concert.  Even  in  simulation,  it  is  difficult  to 
subordinate  the  effects  of  all  fuctors  except 
one,  Thus,  a description  of  climate  requires 


identification  of  the  factor  values  associated 
with  a given  type  of  cllmUe  In  order  to 
understand  how  they  may  work  together  to 
produce  materiel  effects, 

Natural  environmental  factors  that  affect 
materiel  cun  be  categorized  into  three  groups: 
climatic  fuctors,  terrain  factors,  und  biological 
factors.  Climatic  factors  include  temperature, 
humidity,  pressure,  solar  radiation,  ruin,  solid 
precipitants,  fog,  wind,  salt,  ozone,  und  sand 
and  dust.  Terrain  includes  topography,  soils, 
hydrography,  and  vegetation.  Biological  fac- 
tors may  be  subdivided  on  the  basis  of  size: 
i.e.,  mucrobiologicul  and  microbiological 
organisms. 

In  the  discussions  of  individual  environ- 
mental factors  given  in  previous  parts  of  this 
handbook  scries,  various  combinations  of 
factors  are  considered.  For  example,  environ- 
mental factors  that  produce  additive  effects 
or  effects  that  are  greater  thun  the  sum  of  the 
effects  of  environmental  factors  occurring 
singly,  i.e.,  synergisms,  huve  been  identified. 
However,  no  concerted  effort  has  been  made 
to  identify  combinations  of  factors  that  are 
likely  to  occur  in  the  various  nuturul  climatic 
types  or  to  delineate  the  effect  of  the 
combined  environmental  factors  on  muteriel. 
Because  of  the  lurge  number  of  fuctors  und 
value  ranges  in  the  various  nuturul  climates 
and  the  extremely  large  number  of  possible 
combinations  of  environmental  fuctors,  at- 
tempts to  perform  multifactor  analysis  of 
environment  have  been  limited  largely  to 
simple  examples.  The  simplest  und  most 
obvious  approach  is  that  characterized  as 
single-factor  environmental  analysis,  which 
permits  detuiied  discussions  of  the  Individual 
factor  und  its  effect  without  becoming  so 
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complex  or  lengthy  as  to  compromise  its 
usefulness. 

The  next  level  of  sophistication  in  environ- 
mental analysis  is  to  e.tamine  pairs  of  factors. 
In  this  type  of  analysis,  environmental  factors 
are  grouped  into  pairs  based  upon  their 
likelihood  of  cooccurrence  or  upon  their 
synergism,  Two-factor  analysis  was  intro- 
duced in  Part  One  and  is  discussed  further  in 
Chap.  3 of  this  handbook,  Although  multi- 
factor analysis  has  been  studied,  little  progress 
has  been  made  in  modeling  this  general  and 
complex  case.  Possibly,  a computer  technique 
muy  be  developed  for  treuting  the  multifuctor 
environment  which  will  be  adequate  for 
prediction  and  unalysis  of  such  environmental 
effects. 

Two-factor  combinations  that  have  been 
studied  ure  generally  those  characterized  as 
climatic  factors.  For  example,  meteorological 
studies  have  been  accumulating  data  for  many 
years;  hence,  more  is  known  about  the 
cooccurrence  of  climatic  factors  than  for  uny 
other  multifactor  combinations.  This  empha- 
sizes the  importance  of  climate  in  mun’s 
activities  it  is  no  less  important  to  the 
military. 

In  contrast  to  other  studies,  military  efforts 
have  included  vegetation  and  terrain  along 
with  the  more  obvious  factors- temperature 
windspeed,  precipitation,  relative  humidity, 
and  air  pressure  as  part  of  the  climate.  This  is 
appropriate  because  the  climate  determines 
the  nature  of  the  vegetation  (as  well  as  the 
remainder  of  the  mucrobiological  und  micro- 
biological environment)  and  because  many 
characteristics  of  the  terrain  depend  on 
natural  factors  and  are  important  for  military 
purposes. 

In  this  chapter  we  are  concerned  with 
climate  and  thus  the  natural  environmental 
factors.  Since  induced  environmental  factors 
are  results  of  man's  activities,  they  may  be 
created  anywhere  and  at  uny  time,  The 
regular  patterns  of  climate,  however,  are 
readily  identifiable  and  provide  a basis  for 
materiel  design. 


It  has  been  pointed  out  that  there  are 
important  differences  between  the  conditions 
considered  normal  for  military  operations  and 
those  considered  normal  for  civilian  activities. 
Conditions  considered  normal  to  the  military 
environment  are  decidedly  abnormal  for 
civilian  activities.  A good  example  of  this  is 
found  in  off-road  use  of  trucks,  which  is 
normal  in  military  operations.  In  on-road 
civilian  applications  of  trucks,  the  engines  and 
other  vehicle  components  are  expected  to 
have  a life  of  at  least  100,000  mi  but  the  same 
truck  can  fail  in  2,000  mi  or  less  when  used  in 
military  applications.  This  is  a direct  result  of 
extreme  climatic  and  terrain  stresses  and 
flhx  ‘rates  the  fact  thut  Army  materiel  must 
considerably  different  from  nonmilitary 
materiel;  the  differences  are  derived  directly 
from  the  requirement  for  performance  in 
extreme  environmental  conditions. 

AR  70-38  defines  four  broad  types  of 
climate  and  eight  climatic  categories  (Ref,  1 ). 
Each  of  the  eight  categories  is  defined 
primarily  by  given  ranges  of  temperature  and 
humidity.  Table  2-1  lists  the  four  climatic 
types  and  their  relationship  to  the  eight 
climatic  categories.  The  geographic  distribu- 
tion of  these  climatic  categories  is  given  on  a 
map  in  Part  One  of  the  Environmental  Series 
of  Engineering  Design  Handbooks  and  is  also 
found  in  AR  70-38. 

While  the  definitions  of  climatic  types  and 
categories  given  in  AR  70-38  ure  official  for 
Army  materiel  design  purposes,  other  climatic 
classification  systems  have  been  defined  for 
spociul  purposes  (Ref.  2).  in  one  of  these,  six 
climatic  types-icecap  and  arctic,  desert, 
tropical,  muritinic,  continental,  and  high- 
land- were  designated.  These  are  described  in 
Tuble  2-2. 

Experience  hus  shown  thut  a strong 
correlation  exists  between  climate  and  mate- 
riel effect.  Just  us  is  done  for  nonmilitary 
materiel,  designers  tend  to  design  for  normal 
temperate  climate,  When  materiel  is  used  in 
one  of  the  extreme  climatic  conditions,  the 
materiel  often  fails.  If  materiel  is  designed  to 
perform  in  the  extreme  climate,  it  will  very 


2-2 


AMCP7MM19 


) 


TABLE  2-1. 

CLIMATIC  TYPES  AND  CATEGORIES 


Climatic  type 


ti 

i 


Climatic  category 


A. 

Hot-dry 

1. 

Hot-dry 

! 

2. 

Wet-warm 

B. 

Hot-wet 

3. 

Wet-hot 

1 

4. 

Humid-hot  Coastal  Desert 

C. 

Intermediate  < 

i 

5. 

6. 

Intermediate  Hot-dry 
Intermediate  Cold 

D. 

Cold 

i 

7. 

8. 

Cold 

Extreme  Cold 

\ 


* 


V 


seldom  fail  In  the  intermediate  climate 
because  the  stresses  are  less.  It  follows  that,  if 
muteriel  is  designed  to  survive  extreme 
climatic  conditions,  it  will  perform  well  in  the 
Intermediate  climatic  regions;  hence,  these 
need  not  be  considered  in  any  detail. 

Extreme  climatic  types,  previously  identi- 
fied, are  these;  tropical,  corresponding  to  the 
wet-hot  category  of  AR  70-38;  desert, 
corresponding  to  the  hot-dry  cutegory;  und 
arctic,  corresponding  to  the  cold  und 
extremely  cold  climatic  categories. 

2-2  WORLD  CLIMATES 

General  guidunce  for  muteriel  design 
engineers  may  be  obtuined  from  knowledge  of 
general  climatic  patterns;  more  specific 
information  is  to  be  obtained  from  detailed 
information  on  extreme  climates.  The  pur- 
pose of  this  paragraph  is  to  provide 
information  on  general  climatic  patterns.  In 
Part  One  of  this  handbook  series,  the  nature 
of  world  climates  is  introduced  but,  aside 
from  that,  this  is  the  only  discussion  in  the 
Environmental  Series  of  all  of  the  important 
factors  associated  with  world  and  continental 
climates.  A design  engineer  with  a strong 
background  in  geography  probably  will  not 


find  this  material  useful,  und,  if  information 
on  any  specific  environmental  fuctor  is 
required,  reference  to  either  Part  Two  or  Part 
Three  probably  will  be  more  Informative. 

2-2.1  GEOGRAPHIC  CORRELATIONS  OF 
CLIMATE 

Climate  is  by  definition  strongly  corre- 
lated with  geogruphy.  The  reasonably  well- 
informud  individual  associates  cold,  heat, 
high  humidity,  and  frequent  ruin  or  snow 
with  reasonably  well-defined  regions  of  the 
earth.  Of  these  vurious  climatic  fuctors, 
temperature,  humidity,  und  precipitution  are 
most  often  correlated  with  geographic  areas. 
Other  factors  such  us  fog,  wind,  suit,  und 
microbiological  orgunisms  also  arc  associated 
with  loeul  regions,  but  this  association  often 
is  bused  on  specific  known  conditions  und  is 
restricted  in  extent.  It  is  equally  useful  to 
identify  ureas  in  which  ccrtuin  of  the 
environmental  factors  do  not  affect  materiel. 
In  the  remainder  of  this  parugruph,  world 
patterns  of  tempo  rut  ure  und  precipitation  arc 
examined, 

The  temperature  at  uny  particular  place 
on  earth  depends  primarily  on  the  amount 
and  distribution  of  solar  energy,  but  It  is 
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TABLE  2-2. 

A CLIMATE  CLASSIFICATION  SYSTEM  (Rtf.  2) 

Climate  type 

Description 

Icecap  and  arctic 

-65°F  outside  air  temperature,  plus  blowing  snow  at 
15  mph  and  higher  (4-hr  duration) 

Desert 

-2 

+125°F  outside  air  temperature,  plus  120  W ft  solar 
radiation  (4-hr  duration) 

Tropic 

(a)  +75°  to  95°F  outside  temperature,  plus  4 In.  hr"1 
of  rain  (2-hr  duration) 

(b)  +75®  to  95°F  outside  air  temperature,  plus  salt 
spray  (4-hr  duration) 

(c)  +95°F  outside  temperature,  plus  120  W ft"2  solar 
radiation  (4-hr  duration) 

(d)  +75°  to  90°F  outside  temperature,  plus  95* 
relative  humidity  (4-hr  duration) 

Maritime 

(a)  +65°F  outside  air  temperature,  plus  fog  (4-hr 
duration) 

(b)  +80° F outside  air  temperature,  plus  90%  relative 
humidity  (4-hr  duration) 

(c)  +70° F outside  air  temperature,  plus  salt  spray 
(4-hr  duration) 

(d)  +75" F outside  air  temperature,  plus  4 In.  hr'1 
of  rain  (2-hr  duration) 

(e)  +100°F  outside  air  temperature,  plus  120  W ft"2 
solar  radiation  (4-hr  duration) 

Continental 

(a)  +90°F  outside  air  temperature,  plus  120  W ft'2 
solar  radiation  (4-hr  duration) 

(b)  +80°F  outside  air  temperature,  plus  sand  and 
dust  (4-hr  duration) 

(c)  +90°F  outside  air  temperature,  plus  95*  relative 
humidity  (4-hr  duration) 

(d)  +20°F  outside  air  temperature,  plus  blowing  snow 
at  40  mph  and  higher  (4-hr  duration) 

Highland 

Highlands  are  those  regions  above  6,000  ft  altitude. 
Variations  In  climate  between  highland  areas  are 
great,  and  no  typical  conditions  can  be  specified. 
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also  affected  by  wind  patterns,  topography, 
arid  ocean  currents.  The  amount  of  solar 
energy  received  depends  primarily  on  lati- 
tude. Fig.  2-1  (A)  and  (B)  show  the  average 
earth  surface  temperature  for  the  months  of 
January  and  July,  respectively. 

It  may  be  noted  that,  in  the  winter  of  the 
Northern  Hemisphere,  the  poleward  tempera- 
ture gradient  north  of  latitude  IS  deg  N,  is 
very  steep  over  the  interior  of  North 
America;  i.e.,  the  lines  of  constunt  tempera- 
ture (isotherms)  are  closely  spaced.  The 
temperature  gradient  is  also  steep  in  the 
vicinity  of  the  cold  pole  of  Asia,  indicated 
by  a -50aF  temperature. 

The  more  widely  spaced  isotherms  over 
western  Europe,  to  the  east  of  the  Atlantic 
Ocean  and  the  North  Atluntic  Current 
(where  westerly  winds  prevuil),  show  that 
the  temperature  chunges  are  much  more 
gradual. 

In  the  winter  of  the  Southern  Hemisphere 
(as  shown  on  the  map  of  Fig.  2- 1(B)),  the 
temperuture  decrease  as  one  moves  south  is 
very  gradual  and  isothermal  deflections  from 
the  east-west  direction  are  of  minor  impor- 
tance because  of  the  relative  lack  of 
continental  effects.  In  both  hemispheres, 
summer  temperature  gradients  are  very  much 
less  than  those  thut  occur  in  winter.  This  Is 
particularly  true  over  the  middle  und  higher 
northern  latitudes  because  of  the  greater 
warming  of  the  extensive  interiors  of  North 
America  und  Eurasia. 

The  form  of  precipitation,  solid  or  liquid, 
depends  largely  on  the  temperature,  which 
muy  be  Influenced  more  by  elevation  thun 
by  latitude.  This  is  evidenced  by  the 
perpetually  snow-covered  mountain  peaks 
close  to  the  Equutor  In  botli  South  Amcrlcu 
und  Africa.  Fig.  2-2  shows  the  general 
pattern  of  annuul  precipitation  measured  in 
inches  of  water.  Precipitation  is  governed  by 
the  water  vupor  content  of  the  air  and  by 
the  processes  thut  leud  to  condensation.  This 
condensation  generally  is  caused  by  air 
ascending  to  greut  elevations,  cither  in 


thunderstorms  or  in  the  convective  wind 
systems  typical  of  the  Tropics.  Wutcr  vapor 
laden  air  also  may  be  forced  to  rise  by 
topographic  features  along  the  prevailing 
wind  direction  as  occurs  on  the  southern  or 
windward  slopes  of  the  Himalayas  and  in  the 
path  of  the  southwest  monsoons  of  India.  In 
the  United  Stutes,  migratory  low  pressure 
formations  produce  gradual  rising  air  pat- 
terns, producing  condensation  und  precipita- 
tion. 

Heuviest  precipitation  is  found  in  the 
l topics  where  the  high  temperutures  cause  a 
large  water  vapor  content  in  the  utmos- 
phere-although  rainfall  occurs  only  where 
conditions  favor  condensation.  Also,  eertuin 
regions  in  the  high  latitudes  such  as  south- 
ern Alaska,  western  Norway,  und  southern 
Chile,  where  relatively  warm  moist  winds 
from  the  sea  are  forced  to  climb  to  high 
elevations  experience  heuvy  rainfall. 

In  stark  contrast  to  the  rainy  regions  urc 
the  dry  polar  regions  where  the  wuter  vupor 
content  of  the  air  is  ulways  very  low  beeuuse 
of  low  temperatures  uni!  very  limited 
evaporation.  Dry  ureas  also  are  found  in  the 
subtropical  belt  of  high  atmospheric  pressure 
(in  the  vicinity  of  latitude  30  deg  on  ull 
continents,  especially  from  the  extreme 
western  Sahara  over  u broad,  somewhat 
broken  belt  to  the  desert  of  Gobi)  and  the 
arid  strip  on  the  lee  side  of  mountains  on 
whose  windward  slopes  precipitation  is 
heavy,  These  low  latitude  ureas  are  dry 
although  the  temperuture  may  be  high 
because  conditions  urc  unfavorable  to  the 
condensation  of  whutever  wuter  vupor  muy 
be  present  in  the  atmosphere. 

Most  other  gcogruphicul  correlations  of 
climatic  fuetors  result  from  specialized  con- 
ditions of  limited  extent.  For  example,  fog 
is  common  off  the  coast  of  Labrador  where 
the  Gulf  Stream  interfaces  with  cold  arctic 
winds;  there  are  hail  belts  in  midcontinental 
regions  of  both  North  America  and  Eurasia; 
wurm  coastal  regions  with  prevailing  wind 
from  the  seu  are  subjected  to  large  amounts 
of  airborne  salt;  and  the  polur  regions  with 
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24-hr  summer  days  experience  the  highest 
daily  solar  radiation  rate. 

2-2.2  CONTINENTAL  CLIMATES 

The  primary  concern  of  the  Army  is  with 
climate  on  land  areas  of  the  earth.  In  this 
paragraph  the  general  climatic  features  of 
each  of  the  major  land  bodies  are  discussed 
briefly  (Ref.  3).  Knowledge  of  marine 
climatic  factors  may  also  be  required,  in  the 
Marine  Climatic  Atlas  of  the  World , informa- 
tion is  given  on  winds,  pressure,  storms, 
precipitation,  visibility,  cloud  cover,  air 
temperatures,  and  sea  temperatures  for  each 
month  of  the  year  (Ref.  4). 

2-2.2. 1 North  America 

The  North  American  continent,  with  its 
land  area  mainly  in  the  middle  and  northern 
latitudes,  has  u large  central  area  with  a 
typical  continental-type  climate;  i.e.,  with 
marked  seasonal  temperature  extremes. 
These  mldcontinent.il  extremes  are  not 
found  in  the  coastal  reghvis  where  both 
summer  and  winter  temperatures  are  moder- 
ate. The  prevailing  westerly  wind  movement 
carries  the  continental-type  climate  eastward 
so  that  the  region  of  moderate  temperatures 
along  the  Atlantic  coast  is  relatively  narrow. 

In  the  southern  parts  of  the  North 
American  continent,  the  climate  varies  from 
subtropical  at  low  elevations  to  temperate  at 
the  higher  levels.  The  northern  areas  of  the 
continent  are  very  cold,  but  the  midwinter 
low  temperatures  are  not  as  low  as  those 
experienced  in  the  cold  pole  region  of 
northeastern  Siberia  which  is  surrounded  by 
a larger  landmass. 

On  the  northwestern  slope  of  the  conti- 
nent a narrow  strip  of  land  reaches  from  the 
Aleutian  peninsula  to  northern  California, 
which  is  west  of  the  crest  of  the  mountains. 
In  this  region  annual  precipitation  is  over  40 
in.;  it  exceeds  100  in.  at  some  points  along 
the  coast  of  Canada.  East  of  this  coastal 
region,  precipitation  levels  decrease  abruptly 
to  annual  totals  of  less  than  20  in.  In  the 


eastern  part  of  the  North  American  conti- 
nent, the  average  annual  precipitation  is 
more  than  40  in,  In  some  southern  regions 
of  the  continent,  rainfall  is  much  greater, 
but  these  regions  are  limited  in  extent  and 
arc  determined  by  locul  topography  and 
wind  direction. 

The  climate  of  the  large  midregion  of  the 
continent  varies  between  the  extremes  of  the 
arid  west  and  the  moderate  east.  Other 
environmental  factors  are  less  geographically 
defined.  Seasonally,  hurricanes  are  found  in 
the  southeast,  fog  on  the  northeast  and 
northwest  coasts,  the  hail  belt  in  the 
mideontinent  area,  snow  cover  over  the 
northern  half  of  the  continent,  and  airborne 
sand  and  dust  in  the  arid  southwest. 

2-2.2.2  South  America 

A large  part  of  South  America  lies  within 
the  Tropics  and  has  a characteristically 
tropical  climate.  The  remaining  rather  nar- 
row southern  portion  is  not  subject  to  the 
seasonal  extremes  of  heat  and  cold  that  are 
found  where  wide  land  areas  give  full  sway 
to  the  continental-type  climate  as  in  North 
America  and  Asia.  Major  temperature 
anomalies  are  the  results  of  the  elevation  of 
the  Andean  regions  which  stretch  From 
Panama  to  Cape  Horn. 

The  Arctic  Current  and  its  cool  Humboldt 
branch  spread  along  the  western  coast 
northward  to  the  Equator  arid,  with  a 
prevailing  onshore  wind,  exert  a strong 
cooling  influence  on  the  western  coastal 
regions  of  South  America  except  for 
Colombia.  On  the  east  coast,  the  southerly 
moving  current  from  tropical  waters  has  an 
opposite,  warming  effect  except  along  south- 
ern Argentina. 

In  the  northern  part  of  Soutli  America, 
the  sharply  contrasted  dry  abd  wet  seasons 
ure  related  to  the  regime  of  the  trade  winds. 
In  the  dry  season  (corresponding  to  winter 
in  the  Northern  Hemisphere),  these  winds 
sweep  the  entire  region,  while,  during  the 
wet  season  (corresponding  to  summer  in  the 
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Northern  Hemisphere),  calm  and  variable 
winds  prevail.  In  the  basin  of  the  Amazon 
River,  rainfall  is  related  to  the  equatorial 
belt  of  low  pressure  and  to  the  trade  winds, 
which  give  the  maximum  amount  of  rainfall 
in  the  extreme  west,  where  they  ascend  the 
slopes  of  the  Andes, 

The  desert  areas  on  the  west  coast  of 
South  America,  extending  from  the  Equutor 
southward  to  the  latitude  of  Santiago,  Chile, 
arc  due  primarily  to  the  cold  Humboldt  or 
Peruvian  current.  Because  the  moist  cool 
ocean  air  is  warmed  in  pussing  ovei  the  land, 
the  relative  humidity  decreases,  the  dew- 
point is  not  reached,  and  condensation  of 
vapor  does  not  occur  until  the  air  reaches 
the  high  elevations  in  the  Andes.  There, 
temperatures  are  much  lower  than  along  the 
coast.  In  southern  Chile,  the  summer  has 
moderute  rainfall  and  winters  are  wet.  The 
conditions  that  prevail  farther  north  ure  not 
present  here,  and  condensation  of  moisture 
from  the  ocean  progresses  from  the  shores 
up  to  the  crest  of  the  Andes,  By  the  time 
the  air  passes  these  elevations,  however,  the 
moisture  hus  been  so  depleted  that  the 
winds  on  the  leeward  slopes  ure  dry, 
becoming  more  so  us  they  ure  warmed  at 
lower  levels.  The  mountains  cast  a great 
“rain  shadow”  (an  urea  of  little  rain)  over 
southern  Argentina, 

2-2.2.3  Europe 

Europe  does  not  have  an  extensive 
north-south  mountain  system,  as  found  in 
the  Americas,  and  the  general  east-west 
direction  of  the  mountain  ranges  in  the 
south  causes  a gradual  change  in  climate 
from  the  Atlantic  to  the  east.  Generally, 
rainfall  is  heaviest  on  the  western  coast, 
where  in  some  places  it  exceeds  60  in. 
unnually,  and  diminishes  towards  the  east 
except  in  the  elevated  Alps  and  Caucasus  to 
less  thun  20  in.  in  western  Russia.  There  is  a 
well-defined  rain  shadow  in  Scandinavia, 
with  over  60  in.  of  rain  in  western  Norway 
and  less  thun  20  in.  in  eastern  Sweden. 

Over  much  of  Europe,  rainfall  is  both 
abundant  and  evenly  distributed  throughout 


the  year.  The  chief  seasonal  variation  in 
precipitation  is  the  marked  winter  maximum 
and  the  very  dry  summers  along  the 
Mediterranean  coast.  Generally,  elevations 
and  the  continental  landmuss  have  few 
effects  on  isotherms,  such  as  are  found  in 
North  America.  In  Scandinavia,  however,  the 
winter  map  shows  an  abrupt  fall  in  tempera- 
ture from  the  western  coast  of  Norway  to 
the  eastern  coast  of  Sweden  and  a continued 
fall  eastward,  tending  to  be  more  continental 
in  contrast  to  the  oceanic  climute  on  the 
west. 

2-2. 2.4  Alia 

The  large  size  of  the  Asian  landmass  gives 
full  opportunity  for  continental  conditions 
to  develop  a cold  area  of  high  barometric 
pressure  in  winter  und  u low  pressure,  hot 
area  in  summer.  The  former  is  northeast  of 
the  Himalayas  and  the  latter  stretches  from 
west  to  east  in  the  latitude  of  northern 
India.  These  distributions  of  pressure  give 
India  the  well-known  monsoon  season, 
during  which  the  wind  comes  from  one 
direction  for  several  months  und  affects  the 
rainfall  over  all  of  eastern  Asia. 

In  winter,  air  circulation  is  outward  over 
the  land  from  the  cold  pole,  und  precipita- 
tion is  very  light  over  the  entire  continent, 
in  summer,  on  the  contrary,  there  is  un 
inflow  of  air  from  the  oceuns;  even  the 
southeast  trade  winds  How  across  the 
Equator  and  merge  into  the  southwest 
monsoon  that  crosses  India.  This  usually 
produces  abundant  ruin  over  most  of  that 
country,  with  excessively  heavy  amounts 
when  the  uir  is  forced  to  rise,  even  to 
moderate  elevations,  in  its  passuge  over  the 
land.  At  C’herrapunji  *4,450  ft)  on  the 
southern  side  of  the  Khasi  Hills  in  Assam, 
the  average  monthly  rainfall  in  winter  is 
about  I in.,  while  in  both  June  and  July  it 
is  approximately  100  in.  This  heavy  summer 
rainfall  meets  un  impassable  barrier  in  the 
Himaluyu  Mountains,  while  the  much  lighter 
summer  rainfall  over  Japan  und  eustern  Asia 
does  not  extend  very  far  into  China  because 
of  lesser  elevations.  Consequently,  while  the 
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southeast  quadrant  of  Asia  (including  the 
East  Indies)  has  heavy  rainfall,  the  remainder 
of  the  continent  is  dry  with  vast  areas 
receiving  less  than  10  in.  annually. 

North  of  the  Himalayas,  the  low  plains 
are  cold  in  winter  and  temperatures  rise 
rather  high  in  summer.  At  Verkhoyansk  in 
the  cold  pole  area  and  north  of  the  Arctic 
Circle,  the  mean  temperature  in  Januury  is 
about  -59°F  and  in  July  approximately 
64°  F. 

In  southwestern  Asia  the  winter  tempera- 
ture control  is  still  the  interior  high  pressure 
area,  and  temperatures  ore  generally  low, 
especially  in  high  elevations.  In  summer  in 
low  elevutions,  excessively  high  maxima  are 
recorded,  e.g.,  in  the  Tigris-Euphrates  Valley. 


2 2.2.6  Africa 

Africa,  like  South  America,  lies  largely 
within  the  Tropics,  and  its  temperature 
distribution  is  determined  mainly  by  alti- 
tude. Along  the  southern  portion  of  the 
western  coast,  the  cool  Bcnguelu  Current 
moves  northward;  while,  the  warm  tropical 
currents  of  the  Indian  Ocean  flow  along  the 
eastern  coast,  creating  conditions  closely 
paralleling  those  found  around  the  South 
American  continent.  In  the  strictly  tropical 
areas  of  Africa,  conditions  are  characterized 
by  prevailing  low  barometric  pressure,  with 
convectional  rainfall:  while,  in  both  the 
north  and  the  south,  the  ruling  influences 
are  the  belts  of  high  barometric  pressure, 

Except  in  the  Atlas  Mountains  in  the 
northwest  where  high  elevutions  form  u 
barrier  in  the  path  of  trade  winds  and 
produce  moderate  rainfall,  desert  conditions 
typified  by  the  Sahura  extend  from  the 
Atlantic  to  the  Red  Sea  and  from  the 
Mediterranean  south  to  well  beyond  the 
northern  tropic  to  about  the  lutitude  of 
southern  Arabia.  South  of  the  Suharu, 
rainfall  increases  rapidly,  becoming  abundant 
to  heavy  from  the  west  coast  to  the  central 
lakes  with  annual  maxima  of  80  in. 


This  marked  increase  of  precipitation  does 
not  extend  to  the  eastern  portion  of  the 
middle  region  of  the  continent  where  the 
annual  amounts  received  are  below  40  in. 
and  decrease  to  less  than  10  in.  on  the  coast 
of  Somalia.  A rapid  fall  in  precipitation 
occurs  south  of  the  central  rainy  urea 
toward  the  arid  regions  of  southwest  Africa. 
Heavy  rainfall  occurs  over  sections  of 
Ethiopia  from  June  to  October,  when  more 
than  40  in.  fall,  causing  the  overflowing  of 
the  otherwise  arid  Nile  Valley-one  of  the 
outstanding  features  of  seasonal  distribution 
of  rainfall  on  the  earth, 

Moist  equatorial  climate  is  typified  by 
conditions  in  the  Congo  region;  arid-torrid 
climate  by  those  in  the  Sahara;  and 
moderate  plateau  climate  by  those  found  in 
purts  of  Ethiopia,  Guinea,  und  Tanzania. 

2-2.2.6  Australia 

In  the  southern  winter,  a high  pressure 
belt  crosses  the  interior  of  Australia,  and  all 
except  the  southernmost  parts  of  the 
continent  are  dry,  In  summer,  this  pressure 
belt  moves  south  of  the  continent,  still 
giving  dry  conditions  over  the  southern  and 
western  areas.  Thus,  the  total  annual  precipi- 
tation is  less  thun  20  in.  except  in  the 
extreme  southwest  and  in  a strip  curving 
from  southeast  to  northwest.  The  average 
annual  precipitation  is  less  than  10  in.  in  a 
large  south-central  urea. 

In  the  south  the  winter  precipitation  is 
the  cyclonic  type.  The  heavy  summer  rains 
of  the  north  are  of  monsoon  origin;  and 
those  of  the  coast  are  of  orogruphic  origin, 
owing  to  the  presence  of  the  highlands  in 
the  immediate  vicinity  of  the  coast.  In  the 
outer  border  of  the  rainfall  strip  along  the 
coastal  region,  the  mean  annua)  rainfall  is 
over  40  in.  and  in  many  localities  over  60 
in. 

Because  of  the  location  of  Australia, 
temperatures  far  below  freezing  are  to  be 
found  only  in  the  south  at  high  elevations. 
In  the  arid  interior,  extreme  maximum 
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temperatures  are  very  high  (maximum  re- 
ported is  128°F),  ranking  with  those  of  the 
hottest  regions  of  the  earth. 

2-3  EXTREME  VALUES  OF  NATURAL 
ENVIRONMENTAL  FACTORS 

Weather  extremes  for  the  world  and  for 
North  America  are  given  in  Figs,  2*3  and 
2-4,  respectively,  and  in  Table  2-3.  In  the 
table,  the  data  are  in  order  of  decreasing 
severity  and  are  based  on  observations 
obtained  in  accordance  with  protocol  con- 
cerning site,  instrumentation,  and  procedures 
of  the  World  Meteorological  Organization. 
When  an  extreme  phenomenon  is  observed 
and  recorded  and  the  record  is  accepted  by 
the  appropriate  meteorological  service,  it 
indicutes  that  the  particular  value  is  possible 
because  it  has  been  observed.  It  does  not 
necessarily,  or  even  probably,  mean  that  it  is 
the  highest  value  that  could  occur  or  has 
ever  occurred.  Extreme  weather  data  are  not 
always  recorded -in  fact,  meteorological 
records  are  relatively  lncomplete-thc  sta- 
tions are  few  and  records  have  been  kept  for 
only  a short  time.  In  addition,  the  size  of 
the  earth  has  prohibited  the  obtaining  of  a 
reasonable  sample  of  the  weather  over  the 
entire  surface  until  the  recent  development 
of  meteorological  satellites. 

The  recorded  extremes  for  temperature, 
relative  humidity,  absolute  humidity,  precipi- 
tation, and  solar  radiation,  along  with  the 
locations  in  which  these  extremes  have 
occurred,  are  compared  with  the  require- 
ments of  AR  70-38  and  MIL-STD-210  in 
Table  2-4  (Refs.  1,5). 

2-4  THE  TROPICAL  ENVIRONMENT 

Tropical  climates  generally  are  defined  us 
being  typical  of  the  hot -wet  tropics  or  torrid 
zone  of  the  earth.  The  outstanding  common 
characteristics  of  tropical  regions  are  high 
temperatures  and  high  humidities.  Tempera- 
ture extremes  in  the  Tropics  are  given  in 
Tabic  2-5. 

High  temperatures  and  humidities  cause 
many  materiel  problems,  Including  corrosion 


of  steel  and  copper  alloys  caused  by 
electrolytic  action;  fungous  growth  on  or- 
ganic materials  such  as  canvas,  felt,  gasket 
materials,  sealing  compounds,  and  optical 
equipment;  and  deterioration  through  corro- 
sion and  fungous  growth  in  insulation, 
rotating  electrical  machinery,  demolition  and 
mine  detection  equipment,  meters,  dry  cell 
batteries,  storage  batteries,  cables,  and  a 
variety  of  lesser  components.  Termites  at- 
tack wooden  parts  not  impregnated  with  a 
repellent  agent. 

In  the  paragraphs  that  follow,  the  factor 
values  associated  with  the  tropical  climate 
are  discussed  and  representative  tropical  days 
are  described.  In  these  discussions,  the 
climatic  factors  are  often  discussed  for  the 
entire  region  of  the  Tropics.  This  is  not  to 
imply  that  all  parts  of  this  region  exhibit  the 
characteristics  of  a tropical  climate.  Desert 
and  temperate  climates  also  are  included  in 
the  tropical  zone.  Only  those  areas  with 
sufficiently  high  temperatures  and  humidities 
are  described  properly  us  having  a tropical 
climate. 

2-4.1  TROPICAL  CLIMATIC  FACTORS 

The  various  natural  climatic  factors  asso- 
ciated with  the  Tropics  arc  described 
individually  in  the  paragraphs  that  follow 
(Ref.  7). 

2-4.1. 1 Temperature 

Most  of  the  tropical  troposphere  Is 
characterized  by  small  horizontal  tempera- 
ture gradients.  Some  large  local  temperature 
gradients  are  produced  by  land-sea  breeze 
effects  and  by  cold  upwclling  ocean  cur- 
rents; however,  these  diminish  rapidly  with 
altitude.  Even  the  strongest  cold  fronts  that 
penetrate  the  Tropics  arc  scarcely  discernible 
in  the  surface  temperature  field.  Fig.  2-5 
gives  the  mean  sea  level  temperature  for 
January  and  July  in  the  Tropics.  The 
temperatures  shown  are  averages  of  hourly 
temperature  observations  over  a period  of 
years. 
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TABLE  2-3. 

WiATHEft  EXTREMES  <R«f.  6) 


Highest  temperatures 


1.  World:  El  Azlzla,  Libya;  136*F  on  13  September  1922 

2.  Wastarn  Hemisphere:  Daath  Valley,  Calif.;  134*F  on  10  July  1913 

3.  Asia:  Tlrat  Tsvl,  Israel;  129*F  on  11  June  1942 

4.  Australia:  Cloncurry,  Queensland;  128°F  on  16  January  1889 

5.  Europe:  Seville,  Spain;  122°F  on  4 August  1881 

6.  S.  America:  Rlvadavla,  Argentina;  120*F  on  11  December  1905 

7.  Antarctica:  Esperanza,  Antarctic  Peninsula;  58°F  on  20  October  1956 

8.  Persian  Gulf:  Sea  surface;  96°F  on  5 August  1924 

9.  Australia:  Marble  Bar,  W.  Australia,  baa  temperatures  of  100*F  or 

above  on  162  consecutive  days,  30  October  1923  to  7 April 
1924 


Highest  average  temperatures 


* 1.  Africa:  Dallol,  Ethiopia;  94°F  average  annual  (possibly  the  highest 

t on  earth) 

2.  United  States:  Key  West,  Fla.;  77*F,  highest  U.S.  average  annual; 

) 70"F,  warmest  U.S.  average  winter 

13.  Western  Hemisphere:  Death  Valley,  Calif.;  98*F,  highest  average 

summer 


! 

! 

i 

t' 
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; 
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Lowest  temperatures 


1.  World:  Vostok,  Antarctica;  -127°F  on  24  August  196* 

2.  Northern  Hemisphere:  Verkhoyansk  and  Olmekon,  U.S.S.R.;  -90°F  on  5 

and  7 February  1892  and  on  6 February  1933, 
respectively 

3.  Greenland:  Northlce;  -87°F  on  9 January  1954 

4.  N.  America  (excluding  Greenland):  Snag,  Yukon;  -81 #F  on  3 February 

1947 

5.  United  States:  Tanana,  Alaska;  -76°F  In  January  1886 

6.  United  States  (excluding  Alaska):  Rogers  Pass,  Hont.i  -70#F  on  20 

January  1954 

7.  S.  America:  Sarmlento,  Argentina;  -27WF  on  1 June  1907 

8.  Africa:  Ifrane,  Morocco;  -11#F  on  11  February  1935 

9.  Australia:  Charlotte  Pass,  New  South  Wales:  -8°F  on  14  June  1945 

and  22  July  1947 


t 

f 
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TABLE  2 3 (Continuid). 
WEATHER  EXTREMES  (Rtf.  6) 


Lowest  average  temperatures 


1.  Antarctica:  Plateau  Station;  -100®F  mean  monthly,  July  1968; 

-70°F  average  annual,  1966-68 

2.  United  States:  Barrow,  Alaska;  10®F  lowest  average  annual; 

37®F  lowest  average  summer 

3.  United  States:  Barter  Island,  Alaska;  -60°F  lowest  average  winter 


Greatest  ranges  of  temperature 


1.  U.S.S.R.:  Verkhoyansk;  -89.7®  to  93.5°F,  a difference  of  183  deg  F 

2.  U.S.S.R.:  Eastern  Sayan  Region;  -53.2"  to  93.2"F,  a difference  of 

146  deg  F,  average  annual  range 

3.  United  States:  Spearflsh,  S.  Oak.;  -4"  to  45“F,  a difference  of  49 

deg  F,  greatest  2-mln  temperature  rise,  22  January 
1943 

4.  United  States:  Browning,  Mont.;  44"  to  -56"F,  a difference  of  100 

deg  F,  greatest  24-hr  temperature  fall,  23-24 
January  1916 

5.  United  States:  Rapid  City,  S.  Dak.;  three  temperature  rises  and  two 

falls  of  40  deg  F or  over  during  a period  of  3 hr 
10  min.,  22  January  1943 


Greatest  rainfall 


1.  World:  Unlonvllle,  Md.;  1.23  In.  In  1 min,  4 July  1956 

2.  World:  Curtea-de-Arges,  Romania;  8.10  In.  In  20  min,  7 July  1889 

3.  World:  Holt,  Mo.;  12  In.  In  42  min,  22  June  1947 

4.  World:  Belouve,  La  Reunion  I.;  53  In.  In  12  hr,  28-29  February  1964 

5.  World:  Cllaos,  La  Reunion  I.;  74  In.  In  24  hr,  15-16  March  1952 

6.  Northern  Hemisphere:  Palshlh,  Taiwan;  49  In.  in  24  hr,  10-11  Sep- 

tember 1963 

7.  India:  Dharampurl;  39  In.  In  24  hr  (possibly  the  world's  greatest 

on  flat  terrain),  2 July  1941 

8.  Australia:  Crohamhurst,  Queensland;  36  In.  In  24  hr,  3 February  1893 

9.  World:  Cllaos,  La  Reunion  I.;  152  In.  In  5 day,  13-18  March  1952 

10.  World:  Cherrapunjl,  India;  366  In.  In  1 mo,  July  1861 

11.  World:  Cherrapunjl,  India;  1,042  In.  In  12  mo,  August  to  July  1861 


Greatest  average  annual  precipitation 


1.  World:  Mt.  Walaleale,  Kauai,  Hawaii;  460  In.  (30-yr  period) 

2.  Asia:  Cherrapunjl,  India;  450  In.  (74  yr-perlod) 

3.  Africa:  Oebundscha,  Cameroon;  405  In.  (32-yr  period) 

4.  S.  America:  Qulbdo,  Colombia;  354  In.  (10-16  yr  period) 

5.  N.  America:  Henderson  lake,  British  Columbia;  262  in.  (14-yr  period) 
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TABLE  2 3 (ContiniMd). 
WEATHER  EXTREMES  (Rtf.  6) 


Greatest  average  annual  precipitation  (continued) 


6.  Alaska:  Little  Port  Walter:  220  In. 

7.  Europe:  Crkvlce,  Yugoslavia;  183  In.  (22-yr  period) 

8.  Australia:  Tully,  Queensland;  179  In.  (31-yr  period) 

9.  United  States  (conterminous):  Wynoochee,  Washington;  144  In. 

10.  Chile:  Bahia  Felix;  average  of  325  days  yr“l  with  rain 

Least  precipitation 

1.  Chile:  Iqulque;  no  rain  for  14  consecutive  years 

2.  United  States:  Bagdad,  Calif.;  longest  dry  period,  767  days,  from 

3 October  1912  to  8 November  1914 

Lowest  average  annual  precipitation 

1.  World:  Arlca,  Chile;  0.03  In.  (59-yr  period) 

2.  Africa:  Wadi  Haifa,  Sudan;  < 0.1  In.  (39-yr  period) 

3.  N.  America:  Bataques,  Mexico;  1.2  In.  (14-yr  period) 

4.  United  States:  Death  Valley,  Calif.;  1.63  In. 

5.  Asia:  Aden;  1.8  In.  (50-yr  period) 

6.  Australia:  Mulka,  S.  Australia;  4.05  In.  (34-yr  period) 

7.  Europe:  Astrakhan,  U.S.S.R.;  6.4  In.  (25-yr  period) 

Variability  of  precipitation 


1.  Cameroon:  Debundscha;  75  In.  average  annual  variability 

2.  Line  Islands:  Malden  I.;  71 X average  annual  variability 

3.  Tibet:  Lhasa;  108X  average  annual  variability  (1935-38) 


1.  United  States:  Potter,  Nebr.;  largest  officially  recorded  hail- 
stone, 1-1/2  lb,  6 July  1928 

Snowfall 


1.  N.  America:  Silver  Lake,  Colo.;  76  In.,  14-15  April  1921 

2.  N.  America:  Mt.  Shasta  Ski  Bowl,  Calif.;  189  In.  In  one  storm, 

13-19  February  1959 
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TABLe  2-3  (Continued). 
WEATHER  EXTREMES  (R*t.  6) 


Snowfall  (continued) 


3.  N.  America:  Paradise  Ranger  Station*  Wash.;  1*000  In.  In  one  sea- 

son. 1955-56 

4.  United  States:  Tamarack.  Calif.;  451  In.,  greatest  depth  of  snow 

on  the  ground.  11  March  1911 


Thunderstorms 


— hud. 


1.  Uganda:  Kampala;  242  average  annual  thunderstorm  days 

2.  Indonesia:  Bogor;  322  average  annual  thunderstorm  days,  1916-19 


Sea  level  air  pressure 


1.  U.S.S.R. : Barnaul;  highest,  31.84  in.,  January  1900 

2.  Philippine  Sea;  lowest,  25.90  In.,  24  September  1958,  estimated  In 

the  eye  of  Typhoon  Ida  at  latitude  19  deg  N.,  longi- 
tude 130  deg  E. 


Solar  radiation 


1.  South  Pole;  955  1y,  average  dally  In  December 


Wlndspeed 


1.  World:  Mt.  Washington,  N.H.,  231  mph  peak  gust,  14  April  1934 

2.  World:  Mt.  Washington,  N.H.,  188  mph  (5-mln  period),  12  April  1934 

3.  United  States:  Mt.  Washington,  N.H.,  35  mph  average  annual 


Dewpoint  (humidity) 


1.  Ethiopia,  Assab;  84°F  average  afternoon  dewpoint  In  June 


Fog  frequency 


1.  United  States:  Cape  Disappointment,  Wash.,  2,552  hr,  highest  aver- 

age annual 

2.  Eastern  United  States:  Moose  Peak,  Maine;  1,580  hr,  highest  average 

annual 
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TABLE  2-fi. 

TROPICAL  TEMPERATURE  EXTREMES  (R«f.  8) 


Condition 

Temperature  extremes 

Damp  heat,  high 

Day:  40°C  (104°F)* 

relative  humidity, 

Night:  20°C  (68°F)* 

seasonal  rainfall, 

Exposed  surfaces:  70°C  (158*F)* 

mold  growth, 

destructive  Insects 

♦Humidity  can  approach  saturation. 


The  tropical  oceanic  regions  are  charac- 
terized by  a mean  temperature  near  80° F 
throughout  the  year.  The  highest  mean 
temperatures  are  found  in  the  subtropical 
continental  areas  during  the  summer.  Large 
tomperature  gradients  are  evident  near  the 
east  coasts  of  Asia  and  North  America  in 
January.  Lower  temperatures  along  the  west 
coasts  of  the  continents  are  caused  by  the 
prevailing  equatorward  surface  flow  (both  in 
ocean  and  atmosphere)  associated  with  the 
oceanic  high  pressure  centers  »nd  related 
upwelling  of  cooler  water  near  the  coast. 

The  mean  air  temperature  over  the  ocean 
is  controlled  largely  by  the  mean  sea-surface 
temperature.  These  two  temperatures  arc 
generally  within  a few  degrees  of  each  other 
over  the  tropical  oceans.  Near  the  east  coasts 
of  Asia  and  North  America  in  winter, 
however,  the  mean  air  temperature  is 
significantly  colder  than  the  sea-surface 
temperature  due  to  the  prevailing  offshore 
flow  of  cold  continental  air.  Fig.  2-6  shows 
the  mean  sea-surface  temperature  for  Janu- 
ary and  July.  One  of  the  prerequisites  for 
tropical  cyclone  formation  is  a sea-surface 
temperature  exceeding  80° F.  The  regions 
exceeding  this  value  are  shaded  in  the  figure. 
Over  tropical  landmasses,  the  mean  tempera- 
ture distribution  is  influenced  by  land-sea 
effects  near  coastlines  and  large  lakes, 
elevation  differences,  and  other  local  effects. 


24.1.2  Atmospheric  Moisture 

Compared  with  the  temperature  field,  the 
water  vapor  distribution  of  the  tropical 
troposphere  is  much  more  variable.  This 
variability  results  from  seasonal  changes  in 
the  large-scaly  tropical  circulation  and  from 
dally  changes  associated  with  synoptic-scale 
systems. 

A measure  of  the  total  moisture  in  a 
vertical  column  of  the  atmosphere  is  the 
precipitable  water.  This  is  defined  as  the 
depth  of  liquid  water  that  would  be 
obtained  if  ali  the  water  vapor  above  a unit 
area  of  the  earth  surface  was  condensed.  Fig. 
2-7  illustrates  the  mean  precipitable  water  in 
inches  for  January  and  July  in  the  Tropics. 
In  January,  mean  precipitable  water  ranges 
from  less  than  0.5  In.  over  northern  Africa 
to  greater  than  1.75  in.  over  much  of  the 
low  latitude  Tropics,  especially  in  the 
Southern  Hemisphere.  Extremely  high  values 
are  observed  over  southern  Asia  with 
maximum  values  of  2.50  in.  near  Bangla- 
desh. 

24.1.3  Annual  Precipitation 

The  mean  annual  precipitation  for  the 
world  is  shown  in  Fig.  2-2,  The  relatively 
large  amounts  received  in  the  tropical 
regions  us  compared  to  the  rest  of  the  world 


2-20 


AMCP  706-118 


is  evident.  Except  for  regions  with  oro- 
graj  ,ic  barrier  effects,  regions  of  80  in.  or 
more  are  restricted  to  areas  within  20  deg  of 
the  Equator.  Three  broad  regions  of  very 
heavy  rainfall  are  evident -Central  and  South 
America,  Equatoriai  Africa,  and  Southeast 
Asia  and  Indonesia.  Large  longitudinal  gradi- 
ents in  rainfall  occur  near  20  deg  N.  (1) 
between  the  extremely  arid  regions  of  North 
Africa  and  the  Middle  East  and  the  heavy 
rainfall  over  southern  Asia  and  (2)  in 
western  South  America  near  the  Equator. 
Regions  of  little  rainfall  are  found  in  the 
subtropics  along  the  west  coast  of  the 
continents,  in  a more  pronouced  arid  region 
along  the  west  coast  of  South  America,  and 
in  anomalous  dry  regions  over  land  areas 
near  the  Equator  in  Colombia  and  Vene- 
zuela, northeast  Brazil,  and  eastern  Africa. 
Fig.  2-8  indicates  the  mean  annual  rainfall 
variability  for  the  world.  Relative  variability 
is  defined  as  the  ratio  of  the  mean  absolute 
deviation  from  the  mean  expressed  as 
percent. 

2- 4. 1.4  Cloud  Cover 

Meteorological  satellites  have  been  used  to 
observe  cloud  cover  over  tropical  regions, 
Fig.  2-9  shows  the  mean  cloud  cover  for  a 

3- yr  period.  The  seasonal  changes  of  cloud 
cover  can  be  determined  from  these  charts, 
The  unit  of  cloud  cover,  oktas,  corresponds 
to  one-eighth  of  the  sky  being  covered. 

2-4. 1.6  Thunderstorms 

Thunderstorms  occur  much  more  fre- 
quently in  the  Tropics  than  in  higher 
latitudes.  Fig.  2-10  shows  the  mean  annual 
number  of  thunderstorm  days  over  the 
earth.  A thunderstorm  day  is  defined  us  an 
observational  day  during  which  thunder  is 
heard  at  a station.  As  shown  in  the  figure, 
thunderstorms  occur  most  frequently  over 
tropical  continental  areas.  Regions  with  140 
thunderstorm  days  annually  are  found  in 
parts  of  South  America,  Africa,  and  South- 
east Asia.  Over  tropical  oceanic  regions, 
almost  all  thunderstorms  are  associated  with 
synoptic  disturbances;  while  over  land  areas, 


airmass  thunderstorms  due  to  convective 
heating  and  orographic  lifting  are  also 
commonly  observed.  The  preponderance  of 
thunderstorms  over  tropical  land  areas  is 
clear.  In  the  equatorial  belt  from  latitude  10 
deg  N.  to  10  deg  S..  82  percent  of  the 
observed  thunderstorms  occur  over  South 
America,  Africa,  and  Indonesia  while  only 
18  percent  occur  over  the  oceans.  It  should 
be  noted  that,  of  all  the  commonly  reported 
leather  parameters,  thunderstorm  reports 
are  often  the  most  unreliable. 

2-4.1 .6  Extrema  Winds 

Two  primary  causes  account  for  extreme 
windspeeds  at  tropical  locations-downrush 
winds  associated  with  thunderstorms,  and 
tropical  cyclonic  storms.  Almost  all  surface 
windspeeds  exceeding  30  kt  in  low  latitude 
regions  are  caused  by  one  of  these  phenom- 
ena. Localized  areas  of  strong  winds  also 
may  occur  in  tropical  regions  due  to  strong 
low  level  flow  coupled  with  channeling 
through  mountain  passes  and  other  topo- 
graphical effects.  For  example,  exposed 
locations  along  the  east  coast  of  Vietnam 
occasionally  experience  surface  wind  gusts  of 
SO  kt  or  greuter  caused  by  strong  surges  in 
the  northeast  monsoon  How  combined  with 
the  channeling  effect  of  the  Annam  moun- 
tain range.  Such  cases,  howe'er,  usually  ure 
highly  localized  in  effect;  the  most  general 
types  of  high  winds  nearly  always  are 
associated  with  thunderstorms  and  tropical 
storm  system  winds  in  the  Tropics,  Fig.  2-11 
shows  the  range  of  expected  extreme  winds 
for  stations  throughout  the  Tropics. 

The  highest  expected  extreme  winds  are 
at  stations  thut  frequently  are  affected  by 
tropical  storms.  Values  vary  widely,  how- 
ever, depending  on  the  station  location  and 
surrounding  topography.  The  highest  ex- 
pected extremes  associated  with  tropical 
storms  occur  at  small  island  stutions  and  at 
stations  immediately  adjacent  to  the  coast. 
The  expected  extremes  for  coastal  stations 
in  Australia  are  comparable  to  those  for 
coastal  stations  of  the  southeastern  United 
States,  whereas  the  expected  extremes  for 
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(A)  January 


Figure  2-9.  Mean  Cloud  Cover  ( Oktas ) {Ref.  7) 
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(11)  April 


Figun  2-9  (Contlnuadl.  Me*n  Cloud  Com  ( Okm I (Ref.  7 ) 
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(C)  July 


Flgun  2-9  (Continued).  Moan  Cloud  Corn  (Oktat)  (Rtf.  7) 
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several  locations  in  the  northwestern  Pacific 
are  significantly  greater.  For  inland  stations 
where  the  majority  of  the  annual  extreme 
winds  are  associated  with  thunderstorms,  the 
expected  extremes  are  much  less  than  for 
stations  affected  by  tropical  storms.  Typical 
values  for  inland  stations  range  from  35  to 
55  kt  for  the  expected  2-yr  extremes  and 
from  60  to  90  kt  for  the  100-yr  value. 

24.1.7  Tropical  Cyclones 

Intense  tropical  cyclones  (hurricanes  or 
typhoons)  we  the  most  impressive  phenom- 
ena of  the  tropical  regions.  The  destructive 
potential  for  their  high  windspeeds,  rainfall 
amounts,  and  storm  tides  is  well  known,  At 
the  present,  no  common  international  termi- 
nology distinguishes  tropical  disturbances 
and  cyclones  of  various  intensities.  Whenever 
a comparison  is  to  be  made  among  data  of 
vwious  countries,  a knowledge  of  the 
different  definitions  and  terminology  is 
required  to  provide  adequate  Interpretation. 
Within  the  United  States,  the  following 
classification  system  for  tropical  cyclones  is 
employed: 

(1)  Tropical  Depression,  A weak  tropical 
cyclone  with  a definite  closed  surface 
circulation,  one  or  more  closed  surface 
isobars,  and  highest  sustained  windspeeds  of 
less  than  34  kt. 

(2)  Tropical  Storm.  A tropical  cyclone 
with  closed  isobars  and  highest  sustained 
windspeeds  of  34  to  63  kt,  inclusive. 

(3)  Typhoon-Hurricane.  A tropical  cy- 
clone with  highest  sustained  windspeeds  of 
65  kt  or  more.  Cyclones  of  this  intensity  are 
called  typhoons  west  of  180  deg  and 
hurricanes  east  of  180  deg  longitude. 

Sustained  winds  in  the  preceding  defini- 
tions refer  to  a 1-min  average.  Extreme 
surface  wind  gusts  in  tropical  cyclones  may 
be  30  to  50  percent  higher  than  the 
reported  sustained  surface  winds.  Fig.  2-12 
shows  the  average  annual  number  and 
percent  of  the  global  total  of  storms 


occurring  in  each  storm  development  area. 
Over  half  of  the  average  global  total  of  80 
storms  per  year  occur  in  the  North  Pacific 
Ocean.  The  Northern  Hemisphere  accounts 
for  73  percent  of  the  global  total  compared 
to  27  percent  for  the  Southern  Hemisphere. 
Fig.  2-13  shows  the  average  monthly  fre- 
quency of  tropical  cyclones  of  tropical 
storm  or  greater  intensity  for  each  of  the 
storm  development  areas. 

Generalized  mean  tracks  of  tropical 
storms  by  month  or  season  are  available  for 
most  storm-development  regions.  These 
tracks  generally  are  determined  by  drawing 
isolines  of  the  frequency  distributions  of 
cyclones  of  tropical  storm  or  greater  Inten- 
sity that  pasted  through  various  latitude- 
longitude  grid  squares  over  a period  of  years 
and  by  drawing  mean  tracks  through  the 
area  showing  a maximum  frequency.  The 
mean  tracks  thus  determined  are  useful  for 
some  purposes  but  they  do  not  indicate  the 
large  variability  of  tropical  cyclone  tracks. 
Fig.  2-14  shows  the  tracks  of  tropical 
cyclones  of  tropical  storm  or  greater  inten- 
sity in  various  development  areas  for  certain 
selected  years.  In  this  figure,  the  years 
selected  in  each  region  we  fairly  typical 
insofar  as  the  mean  number  of  storms  is 
concerned.  The  large  variability  of  the  tracks 
in  all  areas  Is  clearly  evident  even  in  the  one 
year. 

24. 1.8  Hall 

Hail  is  defined  as  precipitation  in  the 
form  of  ice  lumps  with  a diameter  of  5 mm 
or  more.  Hail  falling  to  the  ground  is  a fairly 
rare  event  in  most  tropical  areas,  occurring 
much  less  frequently  than  over  many  regions 
in  higher  latitudes,  The  primary  reason  that 
hail  is  observed  so  infrequently  at  the 
surface  in  the  Tropics  is  the  relatively  high 
freezing  level  equatorward  of  20  deg  lati- 
tude. The  occasional  observation  of  surface 
hail  in  low  latitudes,  however,  indicates  that 
fairly  large  hail  may  be  found  aloft  in  the 
more  severe  or  intense  tropical  thunder- 
storms. Fig.  2-15  indicates  the  hail  regime 
for  three  tropical  zones.  The  X’s  on  the 
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Figure  2-12.  Tropical  Cydorm  (Average  Annual  Number  and  Percent  of 
Global  Total)  (Ref.  8) 


illustration  Indicate  the  months  when  the 
hail  ii  moat  likely  to  occur  at  the  surface. 

24.1.9  Preeeure 

The  mean  sea  level  pressures  between 
latitudes  40  deg  N.  and  40  deg  S.  for  the 
midseaaon  months  are  shown  In  Pig,  2-16. 
Certain  major  features,  the  subtropical  high 
pressure  ridges  and  the  low  pressure  troughs 
in  lower  latitudes,  are  evident  in  all  months. 
In  the  Southern  Hemisphere  the  subtropical 
high  pressure  ridge  is  a dominant  feature 
throughout  the  year  and  moves  over  a 
smaller  range  of  latitude  than  its  Northern 
Hemisphere  counterpart.  During  the  respec- 
tive winter  seasons,  the  subtropical  oceanic 
ridge  system  and  the  continental  high 
pressure  areas  form  a continuous  belt  of 
high  pressure  around  the  hemisphere.  During 
the  summer  this  high  pressure  belt  is 
interrupted  by  heat  lows  over  continental 
areas,  especially  in  the  Northern  Hemisphere, 
The  oceanic  highs  in  both  hemispheres  reach 
maximum  intensity  in  July  with  uverage  and 
center  values  of  over  1 ,025  mb.  This  implies 
that  center  values  often  exceed  1,030  mb. 
The  daily  positions  of  the  oceanic  highs 
fluctuate  more  in  the  winter  than  in  summer 
because  of  the  greater  influence  of  extra- 
tropical  cyclones  during  winter.  Large  areas 
of  mean  sea  level  pressure  less  than  1,010 
mb  are  evident  in  low  latitudes  throughout 
the  year.  The  largest  seasonal  movements  of 
the  low  pressure  trough  occur  in  the 
longitudes  of  the  continents,  due  to  effects 
of  intense  solar  heating  during  the  summer 
and  radiations!  cooling  during  the  winter 


over  land.  This  is  illustrated  dramatically  in 
the  January  and  July  pressure  patterns  over 
Asia  and  Australia.  Low  pressure  prevails 
throughout  the  year  over  the  large  equatorial 
land  areas  of  South  America  and  Africa  and 
extends  poleward  in  summer  over  Eurasia, 
Australia,  and  North  America. 

24.1.10  8olar  Radiation 

Solar  radiation  reaching  the  surface  of  the 
earth  in  tropical  climates  is  attenuated  as  a 
result  of  absorption  by  water  vapor  and 
carbon  dioxide  in  the  atmosphere.  These 
absorptions,  the  result  of  quantum  transi- 
tions and  vibrational  and  rotational  states  of 
water  vapor  and  carbon  dioxide  molecules, 
absorb  significant  portions  of  the  incident 
solar  radiation  energy.  As  a result  the  solar 
radiation  levels  experienced  in  latitudes 
where  temperatures  characteristic  of  tropical 
climates  can  occur  are  dependent  upon  the 
amount  of  water  vapor  in  the  atmosphere. 
From  a latitude  standpoint,  it  is  apparent 
from  examining  climatic  maps  of  the  globe 
that  desert  and  tropical  areas  can  occur  in 
similar  latitudinal  regions.  The  primary 
difference  between  desert  and  tropical  areas, 
insofar  as  Nolar  radiation  is  concerned,  is  the 
amount  of  water  vapor  in  the  atmosphere, 
including  clouds  and  precipitation. 

Typically,  for  a given  latitude  a desert 
area  receives  sicntricanily  more  solar  radia- 
tion than  does  an  area  classified  as  tropical 
because  desert  areas  with  low  humidity,  low 
rainfall,  and  few  clouds  provide  significantly 
less  absorption  to  incoming  solar  radiation 
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Figure  2-13.  Average  Monthly  Frequency  of  Trq 
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2- 14.  Tracks  of  Tropic* i Cy clones  (Ref.  7) 
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2-15.  Hail  Regimes  for  Three  Tropical  Zones  ( The  X's  indicate  months  when  hail  at  the 
surface  is  most  likely)  ( Ref.  7) 
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than  the  humid,  frequently  cloudy  tropical 
areas.  Although  latitude  is  an  important 
variable  in  solar  radiation,  the  amount  of 
clouds  and  the  atmospheric  humidity  or  the 
amount  of  water  vapor  in  the  atmosphere 
are  significant  contributions  as  well. 

Location  with  respect  to  major  water 
bodies,  which  provide  humid  atmosphere 
and  fogs,  can  have  a profound  influence  on 
radiation  intensity  and  sunshine  duration. 
Fig.  2-17  shows  the  mean  monthly  global 
solar  radiation.  It  readily  can  be  seen  that, 
in  general,  the  areas  of  high  radiation  lie 
within  the  Tropics,  i.e.,  within  the  latitudes 
encompassed  by  the  Tropics  of  Capricorn 
and  Cancer,  Further  examination  reveals  that 
the  highest  solar  radiation  levels  are  obtained 
primarily  in  inland  desert  areas,  e.g.,  the 
interiors  of  Australia,  the  Arabian  Peninsula 
the  north-central  African  deserts,  and  the 
desert  areas  of  the  Southwestern  United 
States  and  Mexico.  The  distinct  regions  of 
high  global  radiation  values  coincide  in  every 
case  with  areus  of  low  cloud  coverage 
(primarily  desert  areas).  Monsoon  regions, 
which  have  a high  degree  of  cloudiness,  have 
lower  values  of  global  radiation  as  do 
equatorial  areas,  where  heavy  cloud  cover 
exists  much  of  the  time.  Generally,  the  low 
latitude  tropical  climatic  areas  receive  solar 
radiation  intermediate  between  that  of  the 
low  latitude  desert  areas  and  that  of  the 
temperate  climatic  areas. 

2-4.1.11  Airborne  Salt 

Most  of  the  salts  that  affect  materiel  are 
sea  salt  purticles  that  contain  sodium, 
chloride,  sulfate,  and  magnesium  ions.  Some 
exceptions  occur  in  alkaline  deserts,  large 
salt  lakes,  and  industrial  wastes.  Salt  occurs 
in  the  atmosphere  as  crystals  or  in  liquid 
droplets,  depending  on  the  relative  humidity 
of  the  air.  Materiel  can  be  exposed  to  tire 
effects  of  salt  as  the  result  of  dry  fallout 
from  the  atmosphere,  aqueous  precipitation, 
salt  fog,  and  direct  exposure  to  sea  water. 
Salt  water  sources  include  the  ocean,  inland 
seas,  and  the  salt  lakes.  Atmospheric  salt 
consists  of  salt-saturated  droplets  or  dry 


particles  in  the  atmosphere  formed  by 
bubbles  produced  on  the  sea  surface  or  on 
the  beach  by  breaking  waves,  by  rainfall  and 
snowfall  on  the  sea  surface,  and  by  warming 
of  sea  water  in  the  spring.  Dry  fallout  under 
the  force  of  gravity  is  important  everywhere 
but  particularly  in  coastal  areas  where  the 
largest  salt  particles  are  found.  Salt  fog  is  an 
important  means  by  which  salt  is  deposited 
on  exposed  surfaces  in  maritime  environ- 
ments, 

Because  virtually  all  of  the  salt  present  in 
the  atmosphere  and  deposited  on  vegetation 
and  terrain  surfaces  originates  from  the 
ocean,  coastal  areas,  in  most  cases,  will  have 
the  highest  atmospheric  salt  concentration, 
regardless  of  their  location;  i.e.,  whether 
they  are  situated  in  the  Tropics  or  in  other 
climatic  zones.  As  a result,  for  tropical 
climates,  those  areas  located  near  oceans  and 
other  salt  water  bodies  will  experience  the 
highest  amount  of  airborne  salt  and  the 
highest  amount  of  deposited  salt  on  terres- 
trial surfaces.  Other  factors,  including  pri- 
marily the  presence  of  water,  high  humidity, 
or  high  temperutures,  influence  the  effect  of 
salt  on  materiel. 

2-4.1.12  Oth*r  Factors 

In  addition  to  the  factors  already  dis- 
cussed, several  other  factors  are  significant  at 
times  in  tropical  climates.  Although  terrain 
is  a significant  factor  in  all  climates,  it 
occasionally  produces  some  special  modifica- 
tions that  are  significant  in  tropical  climates. 
One  of  the  characteristics  of  the  large 
tropical  areas  of  the  world  is  the  tropical 
ruin  forest.  In  these  vast  expanses  of 
vegetation  coupled  with  extremely  high 
humidity  and  frequent  rainfall,  terrain  can 
be  significantly  modified.  For  example,  the 
presence  of  rain  forest  with  heavy  vegetation 
and  large  numbers  of  tall  trees  is  unique  to 
the  tropical  regions  (see  Fig.  2-18),  Further, 
tropical  rain  forests  in  many  cases  so  modify 
the  climate  thut  the  climate  above  the  rain 
forest  canopy  and  the  climate  below  the 
canopy  are  significantly  different.  For  ex- 
ample, the  amount  of  solar  radiation  re- 
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ceived  at  ground  level  in  a rain  forest  can  be  special  circumstances,  however,  sand  and 

quite  small.  Also,  the  humidity  levels  can  be  dust  can  become  a problem  in  tropical  areas; 

significantly  higher  within  the  rain  forest  e.g.,  sandy  beaches  are  characteristic  of 

canopy  than  above  it.  The  frequent  rainfall  much  of  the  tropical  regions  arid  the 

in  the  Tropics  also  can  produce  other  effects  microclimate  of  such  beaches  frequently 

on  terrain.  First,  heavy  rainfall  leads  to  large  evidences  small  amounts  of  airborne  sand 

numbers  of  streams  which  increase  the  and  dust  near  the  beach  surfuee.  A partieu- 

number  of  land-water  interfaces  per  unit  larly  significant  exumple  of  dust  present  in 

area  of  the  surface  of  the  earth.  Second,  the  the  Tropics  is  that  which  results  from 

presence  of  large  amounts  of  water  in  ground-up  coral.  Tills  material  is  ased  widely 

certain  silty  soil  types  can  lead  to  soft  by  man  as  an  aggregate  in  surfacing  roads, 

surfaces  with  extremely  low  bearing  cupae-  airport  runways,  etc.  The  material  occurs 
ity.  naturally,  but  should  not  be  considered  us  a 

natural  factor  since  it  generally  must  be 
Sand  und  dust  are  not  normally  a ground-up  before  It  can  cause  dust  problems, 

significant  fuetor  in  the  Tropics  because  oi' 
the  relatively  high  rainfall,  high  humidity, 

and  presence  of  moisture  in  the  earth,  Fog,  a significant  luctor  in  many  climates, 

Vegetation  ulsu  produces  u binding  effect  occurs  very  infrequently  in  (he  Tropics,  and 

that  reduces  the  probability  of  sand  und  Is,  therefore,  not  considered  a significant 

dust  particles  becoming  uirborne.  Under  parameter  of  the  tropical  climate. 


(A)  Subcanopy 


Figure  2 ■ IS.  Tropica I Rain  Forest  (Photograph  courtesy  of 
H.  L.  Hamilton , Jr.) 
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CB)  Surface  Growth 

18  (Continued).  Tropica/  Rain  Forest  (Photograph  courtesy  of  H.  L Hamilton,  Jr.) 
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2-4.2  REPRESENTATIVE  TROPICAL 
DAYS 

• While  it  is  customary  to  employ  average 

f'  and  extreme  values  of  climatic  factors, 

personnel  and  materiel  are  subjected  to  a 
! particular  combination  of  these  factors, 

j Thus,  a more  informative  approach  could  be 

t to  consider  some  representative  types  of 

tropical  days.  Representative  days  cannot  be 
determined  by  traditional  methods  of  means 
' and  joint  frequency  distributions  (Ref.  11). 

Averaging  the  values  of  different  factors 
occurring  in  a variety  of  combinations  to 
obtain  an  average  day  would  result  in  an 
abstraction  that  may  never  exist  in  nature  or 
may  even  be  physically  impossible.  Certain- 
ly, no  two  days  are  ever  exactly  alike,  yet 
most  environments  have  typical  days  that 
are  reasonably  representative  of  many  other 
days.  Representative  tropical  days  were 
identified  using  hourly  climatic  data  for  the 
year  1963  from  three  tropical  weather 
stutlons-Ft.  Sherman,  C.Z.;  San  Juan,  P.R.; 
and  Hilo,  Hawaii  (Ref.  10).  The  data  are 
representative  of  well-exposed  shore  sites 
near  sea  level.  They  do  not  represent 
conditions  within  the  tropical  forests  or 
deep  in  the  interior  of  a lurge  tropical 
landmass. 


TABLE  2-8. 

FREQUENCY  OF  OCCURRENCE  OF  REPRESENTATIVE  TROPICAL  DAYS  IRef.  10) 


Types  of  representative  days 

Number 
of  days 

Percent 
of  days 

Day  with  Intense  heavy  rain 

14 

1.3 

Day  with  general  heavy  rain 

62 

5.8 

Day  with  daytime  shower 

95 

8.8 

Day  with  nighttime  shower 

165 

15.3 

Day  with  showers  (day  and  night) 

353 

32.7 

Sunny  dry  day 

287 

26.6 

Cloudy  dry  day 

102 

9.5 

TOTAL 

1078 

100.0 

242 


The  combined  amount  and  duration  of 
precipitation  is  probably  the  single  most 
significant  variable  of  tropical  climates. 
Three  types  of  days  are  identified  with 
respect  to  precipitation:  ( 1 ) days  with  heavy 
rain  (1  in.  or  more),  (2)  days  with  showers 
of  light  rain  (less  than  1 in.),  and  (3)  dry 
days  with  no  rain.  These  major  types  are 
divided  into  seven  subdivisions: 

( 1 ) Day  with  heavy  rain 

(a)  Day  with  intense  heavy  rain 

(b)  Day  with  general  heavy  rain 

(2)  Day  with  shower 

(a)  Daytime  shower 

(b)  Day  with  nighttime  shower 

(c)  Day  with  showers  (day  and  night) 

(3)  Dry  day 

(a)  Sunny  dry  day 

(b)  Cloudy  dry  day 

Sunny  days  are  defined  as  those  with  4S0 
ly  or  more  of  solar  radiation  during  the  day, 
or,  in  the  absence  of  radiation  data,  with  51 
percent  or  more  of  the  possible  sunshine,  An 
example  of  each  of  the  seven  different  types 
of  days  is  described  in  the  paragraphs  that 
follow.  The  illustrated  days  actually  oc- 
curred at  Ft.  Sherman,  C.Z,  Table  2-6  gives 
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<i  summary  of  the  frequency  of  occurrence 
of  representative  days  for  the  three  tropicul 
stations  at  which  data  were  compiled  during 
1963. 

An  important  point  with  respect  to  the 
representative  days  is  that  there  is  no  major 
seasonal  change  in  the  magnitude  of  any  of 
the  elements  for  a particular  type  of  day. 
For  instance -because  oi  the  small  annual 
variation  in  temperature  and  solar  radiation 
in  the  Tropics-a  sunny,  dry  day  during  the 
dry  or  low  sun  season  will  resemble  very 
closely  the  same  type  of  day  during  the 
rainy  or  high  sun  season;  u contrast  to 
higher  latitudes  where  the  temperature  and 
solar  radiation  for  such  a day  in  winter  will 
be  considerably  lower  than  for  the  same 
type  of  day  during  summer. 

( 1 ) Day  with  intern'  heavy  rain  (FIs. 
2-19 ),  The  most  frequent  occurrences  of 
heavy  rains  are  found  in  the  Tropics, 
particularly  in  exposed  locations  where 
prevailing  air  currents  are  forced  to  rise. 
However,  In  most  ureus  of  the  Tropics, 
intense  rainfall  Is  not  common.  In  1963  at 
Ft.  Sherman  only  2.5  percent  of  the  duys 
had  I in.  or  more  of  precipitation  in  an 
hour,  From  Tuble  2-6  It  cun  be  seen  thut 
only  1.3  percent  of  the  duys  could  be 
classified  us  duys  with  intense  heavy  ruin  for 
the  tropicul  stutlons  during  1963.  Although 
not  necessarily  occurring  together,  high 
winds  in  excess  of  30  mph  sometimes 
ueconipuny  intense  rulnfull. 

(2)  Days  with  general  heavy  rain  (Fig. 
2-20).  In  most  ureas  of  the  Tropics  few  duys 
will  have  continuous  ruin  for  many  hours.  A 
day  with  heavy  rain  Is  generally  u cooler  day 
than  the  dry  duy  or  the  shower  duy,  und  in 
the  Tropics  there  is  generally  some  sunshine. 
Only  7.5  percent  of  the  days  ut  Ft.  Sherman 
und  5.8  percent  of  the  duys  ut  uil  three 
recording  stations  were  of  this  type. 

(3)  Day  with  daytime  shower  (Fig.  2-21). 
Early  showers  characteristically  followed  by 
sunshine  create  an  uncomfortable  condition 
with  afternoon  temperatures  that  are  high, 


typically  around  90° F,  In  addition,  under 
these  circumstances  the  dewpoint  would  be 
on  the  order  of  80° F.  At  Ft.  Sherman,  16.4 
percent  of  the  days  were  in  this  category;  it 
comprised  8.8  percent  of  the  duys  for  the 
three  stations. 

(4)  Day  with  nighttime  shower  (Fig. 
2-22).  In  many  respects  the  midduy  condi- 
tions of  this  type  of  tropicul  duy  are  similur 
to  the  sunny  dry  day.  There  is  u common 
impression  that,  in  the  Tropics,  most 
shower-type  precipitation  occurs  in  the 
uftemoon,  At  the  Ft.  Sherman  weather 
station,  however,  there  were  more  duys  in 
1963  with  nighttime  showers  (20,7  percent) 
than  with  daytime  showers  (16.4  percent), 
The  same  is  generally  true  of  the  other 
stations  with  15.3  percent  of  the  days  being 
in  this  category. 

(5)  Day  with  showerx  (day  and  night) 
(Fig.  2-2 J),  Tills  type  of  duy  is  characterized 
by  high  winds  during  the  ruin,  but  otherwise 
the  duys  are  much  like  those  described  In 
the  preceding  puragruphs,  Temporutures  are 
slightly  lower  during  the  period  of  ruin.  Tile 
weather  pattern  associated  with  this  type  is 
usuully  more  orgunlzed  than  for  the  convec- 
tive showers  of  the  preceding  two  types. 
Possibly,  an  easterly  pressure  wave  pusses  the 
stution  during  the  period  from  midnight  to 
noon.  Cleuring  und  increased  solar  radiation 
occur  after  the  wuve  passes.  Often,  such  a 
wave  causes  more  thun  an  inch  of  rainfall  In 
a duy  so  thut  It  would  be  classified  us  a day 
with  heuvy  ruin.  However,  in  the  representa- 
tive duy  being  described,  only  0.22  In. 
occurred.  Tills  type  of  duy  occurred  only 
13.2  percent  of  the  days  at  Ft.  Sherman  und 
32.7  percent  of  the  duys  lor  the  three 
stations. 

(ft)  Sunny,  dry  day  (Fix.  2-24).  The 
tropicul  duy  Is  dry  only  in  regard  to 
precipitation.  Nighttime  relutlvc  humidity  is 
100  percent,  and  vegetution  is  us  wet  as  if 
ruin  hud  occurred.  The  sunny,  dry  day  is 
one  of  the  warmer  days  In  the  tropicul 
climutc  with  morning  temperatures  near 
80“F  and  afternoon  temperatures  near  90° F. 
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Day  Totals 

Precipitation:  7.25  in.  Solar  radiation;  321  ly 

Average  windapeed:  9.3  mph 


2-44 


Figure  2 ■ 19.  Tropical  Day  With  Intents  Heavy  Rain 
<2.5%  occurrence)  (Ref.  10). 
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Day  Totals 

Precipitation:  1,4  in.  Solar  radiation:  163  ly 

Average  wind speed:  6 mph 


Figure  2-20.  Tropica I Day  With  General  Heavy  Rain 
(7.5%  occurrence)  (Ref.  10). 
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Day  Totals 

Precipitation:  0.13  in.  Solar  radiation:  39?.  ly 

Average  windspeed:  3.2  mph 


Figure  2-21  Tropica I Day  With  Daytime  Shower 
(16.4%  occurrence ) (Ref.  10) 
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Day  Totals 

Praclpltatlom  0.03  In.  Solar  radiation:  400  ly 
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Figure  2-22.  Tropical  Day  With  Nighttime  Shower 
(20, 7%  octurrence)  (Ref  10) 
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Day  Totals 

Precipitation:  0.22  In.  Solar  radiation:  229  ly 

Average  vlndspeed:  6.5  oph 
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Showed  (13.2%  occurrence ) (Ref.  10) 
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Dewpoints  are  near  80°  F throughout  the 
day  which,  coupled  with  the  temperature 
rise  in  the  afternoon,  produces  relative 
humidities  below  80  percent.  Solar  radiation 
is  high,  but  much  higher  daily  totals  are 
experienced  in  the  deserts.  At  Ft.  Sherman 
the  sunny,  dry  day  is  the  most  frequent  of 
the  seven  types,  occurring  approximately 
27.9  percent  of  the  days  while  occurring 
26.6  percent  of  the  days  for  the  three 
stations. 

(7)  Cloudy,  dry  riay  (Fig.  2-25)  A cloudy, 
dry  day  is  defined  on  the  basis  of  lower 
thun  normal  amount  of  solar  radiation  which 
causes  lower  temperutures,  lower  dewpoints, 
higher  relative  humidities  during  the  duy, 
and  less  daily  rainfall.  Cloudy,  dry  days  are 
not  as  frequent  as  sunny,  dry  days  at  Ft. 
Sherman,  occurring  only  11.8  percent  of  the 
time.  For  the  average  of  the  three  stations, 
cloudy,  dry  days  occurred  only  9.5  percent 
of  the  days. 

2-5  THE  DESERT  ENVIRONMENT 

Desert  regions  occupy  approximately  19 
percent  of  the  lund  surface  of  the  eurtli,  The 
identifying  attribute  of  all  deserts  is  aridity; 
one  definition  is  based  on  an  unnuul  rainfull 
of  less  than  10  in.  Deserts  are  further 
characterized  by  cleur  atmospheres  and 
intense  solar  radiation  (Ref.  8).  The  solar 
radiation,  combined  with  terruin  that  has  a 
high  reflectance,  can  create  high  levels  of 
glare.  Other  characteristic  phenomena  asso- 
ciated with  deserts  are  atmospheric  boil* 
and  mirages.  Sand  und  dust,  which  nearly 
always  accompany  dryness,  are  also  impor- 
tant factors, 

The  high  daytime  temperutures,  solar 
radiation,  and  sand  und  dust,  combined  with 
sudden,  violent  winds  und  large  daily 


•Alrruuphetlc  boll  alio  culled  umcMtlal  u-lnllllullnn  ot 
ihlmnai,  li  a iclntilUtion  phenomenon  ciuurd  by  Unlit 
that  reachei  the  eye  from  iourcei  within  the  atmosphere 
ll  li  produced  by  IrreRular  reflection  effects  due  to 
peueie,  acton  the  line  of  iluht.  of  all  parcels  whose 
deniltles  differ  sllgiilly  from  that  of  tlielr  surroundlnns. 
Atmospheric  boll  Is  seen  over  paved  roads  on  bright 
summer  days  (Ref.  12). 


temperature  fluctuations,  may  create  many 
problems  with  respect  to  men  und  materiel. 
Table  2-7  indicates  the  temperature  extremes 
likely  to  be  encountered  in  desert  regions. 

The  cores  of  tire  rnujor  deserts  of  the 
earth  are  located  at  approximately  the  same 
places  regardless  of  the  criteria  used  to 
identify  desert  climates,  However,  the  ex- 
tents of  desert  areas  are  determined  in  large 
measure  by  the  criteria  chosen  (Ref,  1 1 ). 

Tire  use  of  temperature  to  classify  regions 
us  deserts  is  not  uncommon  but  is  incon- 
sistent. In  some  classifications,  arid  and 
semiarld  land  areas  are  divided  Into  gross 
qualitative  thermal  subtypes  with  lack  of 
rain  being  the  dominant  characteristic  and 
temperatures  considered  less  important.  As  a 
result  some  arid  and  semlarid  zones  are 
divided  into  tropical,  subtropical,  and  mod- 
erate or  temperate  thermal  regions.  Where 
cold  is  a dominant  characteristic,  as  in  polur 
thermal  regions,  luck  of  precipitation  is 
largely  Ignored;  polur  or  subpolar  climates 
are  rurely  classified  us  arid  or  semiurld.  When 
uetuul  temperutures  arc  used  in  defining 
climatic  regions,  the  values  selected  usually 
ure  indirectly  reluted  to  vegctutlon  or  are 
completely  arbitrary. 

A semiurld  (moderately  dry)  climate  is 
defined  us  one  with  6 to  9 months  of  the 
year  having  no  more  thun  3 days  with  0.1 
in.  or  more  precipitation  per  day.  The 
definition  of  arid  dimutes  requires  at  least 
10  mo  of  the  year  having  no  more  thun  3 
days  per  month  with  0,1  in.  or  more 
precipitation.  The  classification  “extremely 
arid"  requires  ut  least  10  mo  of  the  year 
having  no  more  than  1 duy  per  month  with 
0.1  in.  or  more  precipitation.  Much  of  the 
extremely  arid  regions  actually  have  6 
months  or  more  with  no  rainy  days.  A 
number  of  weather  stations  in  North  Africa 
and  southwestern  Asiu  often  report  zero 
unnuul  precipitation.  The  rare  rulnfulls  occur 
less  frequently  thun  1 day  every  2 years. 

The  semiurld  climates  usually  consist  of 
two  different  annual  regimes;  (1)  a distinctly 
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Day  Totals 

Precipitation:  0.00  in.  Solar  radiation:  101  ly 

Average  windspeed:  4.8  mph 


Figure  225.  Tropica / Coudy,  Dry  Day  (11.8%  occurrence ) 
(Ref.  10) 
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TABLE  2-7. 

DESERT  TEMPERATURE  EXTREMES  (R«f.  8) 


Conditions 

Temperature 

Dry  heat  (RH  5%) 

Day  high: 

Intense  sunlight, 

Air 

60°C  (140°F) 

sand  and  dust. 

Exposed  ground 

75°C  (167°F) 

destructive  Insects 

Night  low: 

-10°C  (+14°F) 

Dally  variation 

40  deg  C (72  deg  F)  average 

dry  period,  which  lasts  from  6 to  9 mo,  and 
a relatively  wet  period  of  3 to  6 mo,  or  (2) 
10  to  12  mo  dry  and  moderately  dry  and  no 
more  than  2 months  moderately  wet  or  wet. 
Regions  having  the  second  climate  do  not 
quite  meet  the  criteria  established  for 
semiarid  climate  although  they  often  have 
fewer  total  rainy  days  per  year  than  places 
that  do  meet  the  criteria.  They  are  classified 
demiarid  (4  or  5 mo  having  averages  of  no 
more  than  3 days  per  month  with  0.1  in.  or 
more  precipitation  and  a total  of  at  least  10 
mo  having  averages  of  no  more  than  6 days 
per  month  with  0.1  in.  or  more  precipita- 
tion). 

Fig.  2-26  indicates  the  distribution  of  dry 
climatic  types  throughout  the  world.  The 
climatic  factors  of  arid  and  semiarid  environ- 
ments having  military  significance  are  dis- 
cussed in  the  paragraph  that  follows  together 
with  a description  of  the  desert  terrain. 


2-6.1  DESERT  CLIMATIC  FACTORS 

Arid  regions  contribute  more  than  their 
proportional  share  to  the  extremes  of 
climatic  elements.  Both  the  highest  recorded 
air  temperature  and  the  largest  diurnal  range 
have  been  recorded  in  the  dry  air  of  the 
desert  where  vegetation-free  ground  quickly 
gms  up  the  heat  of  the  sun.  Minimum  levels 


of  precipitation  and  humidity  are  found  not 
only  in  the  vast  continental  interior  deserts 
but  also  in  coastal  desert  areas.  Winds  in  the 
desert  are  not  as  strong  as  those  in  other 
regions  but,  when  they  entrain  sand  and 
dust,  their  effects  are  as  severe  as  those  of 
any  natural  phenomenon. 

Arid  and  semiarid  climates  have  a defi- 
ciency of  rainy  days  and,  at  least  during  the 
driest  part  of  the  year,  a deficiency  of 
residual  ground  moisture.  When  rain  does 
occur,  it  often  comes  in  heavy  showers  and 
thunderstorms  which  produce  dangerous 
flooding,  particularly  in  deep,  narrow  chan- 
nels which  are  usually  dry  and  thus 
attractive  for  protection.  Caution  is  neces- 
sary when  thunderstorms  or  heavy  showers 
are  anywhere  in  the  general  vicinity  because 
flash  flooding  occurs  at  considerable  dis- 
tances from  where  precipitation  falls. 

When  soils  have  a high  clay  content  or  are 
salt-encrusted  as  on  some  extensive  flats  and 
playa  lake  depressions,  a relatively  small 
amount  of  rainfall  turns  the  surface  into  a 
slimy  plain  on  which  travel  is  difficult.  Soils 
that  are  predominantly  sand  hold  essentially 
no  moisture  in  the  upper  portion  of  the 
ground,  and  small  , nd  even  moderate  rainfall 
frequently  will  improve  traffic-ability  for  at 
least  a short  time  by  firming  the  sand. 
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Arid  and  scmiarid  climates  use  1 Uy  have  a 
concentration  of  rainy  days  in  the  hotter 
part  of  the  year  on  the  equatorwurd  side  of 
the  aridity  core  and  in  the  colder  part  of  the 
year  on  the  poleward  side.  In  the  summer, 
rainy  days  often  have  very  heavy  showers 
and  thundershowers;  in  the  winter,  rainy 
days  are  more  likely  to  be  associated  with 
extratropical  cyclones  and,  thus,  the  ruin  is 
not  as  heavy  and  is  of  longer  duration. 
Especially  in  high  latitude  desert  climates, 
snowstorms,  drifting  snow,  and  persistent 
snow  cover  can  become  severe  problems. 

Low  daytime  relutive  humidity  is  u 
climatic  characteristic  of  much  of  the  arid 
and  semiurid  areas  of  the  eurth.  Throughout 
a major  portion  of  the  very  hot  und 
extremely  hot  regions,  midday  relative  hu- 
midity ranges  between  10  und  25  percent 
during  the  hottest  and  driest  part  of  the 
year, 

Salt  fog  is  not  a problem  in  desert  ureus, 
of  course,  and  solid  salt  as  uirborne 
purticulatcs  usually  is  assoduted  with  prox- 
imity to  maritime  ureus,  There  are  several 
exceptions,  however,  in  which  uirborne  suit 
concentrations  can  become  quite  high.  Arid 
land  is  one  of  those  exceptions.  Salt  cun  be 
picked  up  from  dry  pluyas  und  salt  iukes  us 
a result  of  wind  or  the  combined  effect  of 
vehicle  pussugc  and  wind  so  tliut  local  arcus 
may  experience  rather  heavy  saltfull,  particu- 
larly if  the  relative  humidity  is  high  enough. 
As  a result,  airborne  salt  particulates  could 
be  in  rather  high  concentration  around  salt 
lake  and  dry  pluyas,  particularly  when 
vehicular  activity  and  high  winds  occur 
concurrently. 

Solar  radiation  is  a very  important  factor 
in  desert  climutes.  The  highest  annual 
radiation  levels  more  than  2.93  X 10‘J  W 
cm'1  ure  observed  in  the  Sahara  Desert  In 
northeastern  Africa.  Desert  environments 
have  higher  solar  radiation  than  other 
climates  of  equal  latitude  becuuse  few  clouds 
are  present  in  '.he  atmosphere  und  the 
amount  of  water  vapor  present  is  very  low. 
The  result  is  that  incident  solar  radiution 


reaches  the  surface  of  the  earth  a significant- 
ly larger  portion  of  the  time  during  daylight 
hours  and  with  a significantly  higher  inten- 
sity than  that  experienced  in  very  humid 
climates  of  the  same  latitude.  Levels  of  2.66 
X 10-J  W cm"1  or  more  are  observed  in 
three  principal  desert  areas  of  the  world : the 
Sahara,  the  Arabian,  and  the  Thur  in  India. 
The  interrelationship  between  solar  radiation 
received  at  the  surface  and  the  aridity  of  the 
climate  clearly  is  reflected  in  Pig.  2-17 
which  depicts  the  mean  monthly  global  solar 
rudiution.  Isolines  of  solar  radiation  ure 
drawn  with  units  measured  in  gram  calories 
per  squure  centimeter  per  day.  Those  areas 
in  which  the  mean  monthly  solur  radiation  is 
higher  than  500  geal  cm‘J  day’1  clearly  are 
identified  with  the  great  desert  regions  of 
tite  world:  the  southwestern  desert  of  the 
United  Stutcs  und  Mexico,  the  Sahura  Desert 
of  North  Africa,  the  Arabian  Desert  of  the 
Arabian  Peninsula,  und  the  Australian  Desert 
(Ref.  9). 

Another  reluted  fuctor  in  desert  arcus  is 
the  loss  of  heut  by  longwave  terrestrial 
rudiution,  This  factor  Is  generally  less 
variable  than  is  the  incident  radiation; 
however,  the  lurge  mean  annual  terrestrial 
radiation  rutes  ure  observed  in  tropical  desert 
areas.  This  results  from  the  much  greuter 
warming  of  the  surface  in  deserts  relutive  to 
the  uir  tempcruturc.  The  increased  loss  of 
terrestrial  radiation  in  the  desert  is  reflected 
in  the  relatively  cooler  nights  in  the  desert 
computed  to  those  of  similur  lutitude  in 
tropical  or  temperate  climutes. 

2-6.2  DESERT  TERRAIN 

Landscapes  in  areus  with  urid  climates  ure 
noticeably  different  from  those  that  develop 
in  areas  having  surface  water.  Features 
created  by  erosionul  ugents  are  often  steeper 
und  seem  to  have  been  cut  out  of  the  ovcrull 
landscape  rather  thun  to  be  an  integral  part 
of  it.  These  include  entrenched  streams,  dry 
stream  chunnels  (wadis),  buttes,  und 
barchans  (isolated  crescent  dunes).  In  these 
and  in  other  land  features,  change  of  slope 
can  be  abrupt,  a characteristic  that  might  be 
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of  more  adverse  influence  on  mobility  than 
the  slope  itself.  Landscape  features  created 
by  deposition  have  a tendency  to  contrast 
with  the  rest  of  the  terrain  rather  than  to 
blend  with  it.  Outstanding  among  these  are 
alluvial  fans,  where  mountain  streams  merge 
onto  plains,  and  sand  dunes. 

Sparse  vegetation  and,  in  wide  areus,  lack 
of  any  vegetation  leaves  the  land  vulnerable 
to  eroding  agents,  and  the  surface  is  often 
bare  rock,  stones,  or  sand,  euch  of  which 
may  present  special  problems.  Fig.  2-27 
illustrates  several  desert  terrain  types.  Wind 
is  an  important  factor  in  creating  the 
residual  land  surface  in  arid  areas,  and  its 
actions  contrast  sharply  with  that  of  water. 


Exposed  rock  is  weathered  much  more 
slowly;  thus,  individual  elements  from  small 
fragments  to  escarpments  and  mountain 
cliffs  frequently  have  more  angular  shape. 
Relatively  Hat  surfaces  lose  the  finer  par- 
ticles and  rre  left  with  stones  and  rock- 
strewn  plains,  varying  from  grave)  and  desert 
pavement  to  boulder  fields.  On  the  other 
hand,  some  depositional  features  provide  the 
smoothest,  firmest  surface  to  be  found  in 
the  deserts-the  dry  salt  flats  and  playa 
depressions  that  collect  silt  and  minerals 
from  evaporating  waters  of  infrequent, 
temporary  lakes. 

Regions  with  semiarid  climates  have  land- 
scape types  transitional  between  those  asso- 


Figure  2-27.  Type * of  Deeert  Terrain  (Ref.  13) 
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Figure  2-27  (Continued)  Types  of  Desert  Terrain  (Ref.  13) 


elated  with  aridity  and  those  with  more  or 
less  permanent  wetness,  to  the  extent  that 
climate  is  related  to  the  development  of  land 
forms.  A relatively  short  period  with  ade- 
quate rainfall  and  above-freezing  tempera- 
tures can  support  enough  vegetation  to 
reduce  drastically  the  vulnerability  of  the 
ground  surface  to  erosion.  Individual  terrain 
characteristics  of  importance  are  relief, 
surface  materials,  and  slope. 

The  term  “relief"  popularly  refers  to  the 
height  of  hills  and  mountains  on  the 
landscape  while  more  technical  usage  refers 
to  the  depth  that  valleys  are  cut  into  the 
prevailing  upper  surface.  In  any  case,  large 
relief  is  a characteristic  of  mountains  and 
high  plateaus.  Rugged  mountain  terrain 
presents  numerous  operational  difficulties. 


resulting  especially  from  limitation  of  move- 
ment in  the  often  narrow,  winding,  and 
steep-sided  valleys.  Arid  mountains  usually 
have  the  added  unfavorable  condition  of 
lack  of  protective  vegetation.  Except  where 
roads  have  been  built,  mountuin  valleys  are 
likely  to  be  impassible  for  wheeled  or 
tracked  vehicles  because  of  the  many  large 
rocks  that  litter  the  surface.  Deep  gashes  in 
the  otherwise  flat  surfaces  may  measure 
hundreds,  even  thousands  of  feet  to  the 
bottom.  The  surface  material  in  the  extreme- 
ly arid  regions  is  typically  bare  rock,  broken 
rock,  or  sand.  Parts  of  open  sundy  deserts 
are  subject  to  pockets  of  fine  powdery  sand 
while  others  consist  of  dune  fields  with 
individual  dunes  50  to  300  ft  high  and  little 
or  no  spuce  between  them.  Sand  dunes  often 
have  a packed  crust  a few  inches  thick  on 
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Figure  227  (Continued),  Types  of  Desert  Terrein  (Ref.  13) 


the  windward  slope  while  other  dune  areas 
have  rocks  and  ledges  concealed  by  sand, 
Traction  is  best  in  sandy  areas  during  the 
early  morning  when  relative  humidity  is 
highest  and  the  temperuture  lowest, 

Dry  salt  Huts  and  pluya  depressions,  which 
have  a hard  smooth  surface,  are  found  often 
in  arid  and  scmiarid  regions.  The  calcium 
carbonate  oi  calcium  sulfate  crust  may  be  as 
thick  as  6 ft  and  is  usually  rock  hard.  A 
surface  layer  of  dust  sometimes  covers  the 
playa  depressions  and  any  movement  raises 
clouds  of  the  fine  materials.  Fig.  2-28  shows 
the  dust  raised  by  vehicle  pussugo  on  dry 
eurth.  Unlike  the  sand  surface,  salt  crust 
rapidly  deteriorates  when  rain  wets  the 
surface  and  makes  it  slimy. 


The  hydrology  features  of  the  arid  and 
scmiarid  regions  of  the  earth  are  functions 
of  the  contributing  environmental  influences 
not  only  within  the  regions  themselves  but 
also  in  adjacent  regions.  Surface  water  in 
arid  regions  und  to  some  extent  in  scmlurid 
regions  frequently  has  higher  suspended 
particle  und  mineral  counts  than  those  in 
wetter  portions  of  the  world.  Underground 
wuter  on  the  other  hand  may  be  cleaner 
because  of  extensive  mechanical  filtering, 
although  its  mineral  content  may  uiso  be 
high. 

Lesser  and  little  known  Intermittent  and 
ephemeral  streams  are  present  und  are 
subject  to  flush  Hoods  in  otherwise  dry 
washes,  w^Jis.  und  urroyos.  Hydrologic 
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Figure  2-28.  Vehicle  Pattage  et  18-mph  Speed  on  e 
Typlcel  Well-maintained  Unpaved  Road  (Ref.  14) 


features  are  relatively  less  significant  In  arid 
and  scmiarid  regions  than  are  other  features 
of  the  environment, 

The  color,  density,  size,  and  durability  of 
natural  vegetation  are  closely  related  to  the 
degree  of  aridity.  Vegetation  may  be  com- 
pletely absent  in  regions  qualifying  as 
extremely  arid  and  very  sparse  in  urid 
regions,  The  density  and  variety  increase 
through  the  semiarid  and  demiarid  climates, 
However,  even  nearest  the  wet  climates,  a 
closed'  canopy  usually  does  not  exist  and 
where  there  are  trees,  open  stands  are  most 
common.  More  common  are  thickets  of  low 
shrubs  which  have  thick,  spined  leaves  and 
very  sharp,  stiff  thorns,  In  semiarid  areas, 
incomplete  ground  covers  of  tufted  grass  are 
common. 

Cultutal  features  of  the  urid  regions  of  the 
earth  are  significantly  different  from  those 
of  temperate  climates.  A lurge  proportion  of 
the  arid  area  is  uninhabited,  Prominent 
transportation  routes  and  communication 
lines  are  almost  nonexistent.  The  few  that 


have  been  established  link  large  ureas  by  a 
relatively  simple  system  that  can  be  easily 
disrupted.  Populations  of  arid  regions  are 
basically  of  two  types:  mobile  and  seden- 
tury.  Ilie  mobile  tribes  migrate  in  constant 
search  of  pasture  lands  for  their  limited 
herds,  Some  major  cities  have  grown  in  arid 
regions,  usually  ut  the  fringes  and  on 
seaeoasts  or  on  navigable  rivers.  Semiarid 
regions  are  considerably  more  habitable  thun 
arid  regions.  Particularly  outside  of  the 
Tropics,  they  may  be  quite  comfortable 
places  to  live  and  can  support  extensive 
agriculture  und  industrial  developments. 

2-6  THE  ARCTIC  ENVIRONMENT 

The  arctic  dimute  corresponds  to  the 
extreme  cold  and  cold  climatic  categories 
defined  in  AH  70-38  (Ref.  1 ).  For  purposes 
of  this  discussion,  only  those  regions  of  the 
earth  that  are  in  the  Northern  Hemisphere 
and  that  exhibit  the  arctic  climute  are 
discussed.  This  eliminates  the  Antarctic  und 
the  extreme  southern  tip  of  South  America, 
both  of  which  are  largely  uninhabited  and  ut 
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ARCTIC  TEMPERATURE  EXTREMES  (R«f.  8) 
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Condi tlons 

Temperatures 

Low  temperature, 

Arctic,  exposed: 

driving  snow, 

Extreme  -70°C  (-94°F) 

Icedust 

Common  -40°C  (-40°F) 

Subarctic: 

Common  -Z5°C  (-13°F) 

present  of  little  military  importance,  The 
temperature  extremes  of  the  Arctic  are  given 
in  Table  2-8. 

While  the  Arctic  is  defined  geographically 
as  that  region  within  the  Arctic  Circle,  this 
is  not  synonymous  with  the  arctic  climate. 
As  may  be  seen  on  the  maps  of  Figs.  2-29 
and  2-30,  regions  that  exhibit  temperatures 
below  -25°F  for  1 percent  or  more  of  the 
time  in  the  month  of  December  extend  well 
below  the  Arctic  Circle,  which  Is  at  latitude 
66  deg  32  min  N.  Arctic  climate  thus 
encompasses  most  of  Alaska,  northern  and 
central  Canada,  most  of  Greenland,  and  a 
large  part  of  the  central  and  northern  Asian 
landmuss.  However,  this  is  not  the  only 
definition  of  arctic  climate  that  is  employed, 
and  a larger  or  smaller  region  may  be 
defined  for  particular  purposes.  In  addition, 
it  is  found  that  arctic  climates  will  penetrate 
farther  to  the  south  on  u seasonal  busis. 

The  principal  characteristics  of  the  climate 
of  the  Arctic  are  (Ref.  15): 


circumpolar,  cyclonic  vortex  that,  because  of 
its  position  north  of  the  main  tracks  of  the 
prevailing  westerlies,  has  a generally  sluggish 
circulation. 

(3)  A snow-ice  cover  is  perennial  over 
much  of  the  Arctic  and  almost  total  in 
winter  (see  Fig.  2-32).  The  effect  of  this 
surface  cover  is  to  reflect  most  (up  to  80 
percent)  of  the  incoming  solar  radiation  and 
to  maintain  low  surface  temperatures.  The 
presence  of  a snow-ice  cover  also  greatly 
affects  the  uirmusses  crossing  the  arctic 
basin.  Cyclones  depend  on  temperature 
contrast:  therefore,  us  a rule  their  frequency 
and  Intensity  are  greatest  at  contacts  be- 
tween the  snow-ice  surface  and  open  water, 
and  leust  over  continuous  snow-ice  surfaces. 
Precipitation  and  fog  usually  are  associated 
with  open  water  leads  in  the  ice  pack  or 
along  the  coast.  Clouds  in  the  Arctic  are 
generally  thin  and  the  relatively  cold  condi- 
tions produce  no  clouds  of  great  vertical 
development.  Precipitation  is  low  in  ubsolute 
amounts  but  occurs  frequently. 


(1)  The  radiational  regime  results  in  a net 
heat  loss  caused  by  low  sun  angles  and  long 
periods  of  continuous  daylight  or  continuous 
darkness.  Fig.  2-31  shows  the  alternation  of 
daylight  and  darkness  for  three  arctic 
locutions. 

(2)  Surface  weather  systems  arc  asso- 
ciated with  u large  scale,  cold  cored. 


(4)  The  strong  radiational  cooling  asso- 
ciated with  the  arctic  winter  results  in 
temperature  inversions  with  depths  of  1 to  2 
km. 

Arctic  surface  weather  is  affected  greatly 
by  the  static-stability  of  the  lower  atmo- 
sphere and  has  two  marked  seasons,  winter 
and  summer.  In  winter,  when  stability  is 
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Figure  2-29.  Percentage  Frequency  of  Temperatures  Befow-25° F,  December,  Eurasia  (fief.  16) 
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Figure  2-31.  Duration 
of  Daylight,  Twilight, 
and  Darknau  in  the 
Arctic  (Ref  111 


blowing  snow.  After  the  passage  of  these 
disturbances,  the  temperature  inversion  is 
reestablished  quickly. 

In  summer,  the  increase  in  the  areas  of 
open  water  and  bare  land  weakens  surface 
inversions,  and,  consequently,  the  passage  of 
airmasses  becomes  more  effective  in  Influ- 
encing surface  conditions.  The  peripheral 
areas  of  the  arctic  basin  commonly  are 
subjected  to  considerable  cloudiness  and  fog 
during  summer.  The  strong  thermal  contrast 
formed  at  coastlines  produces  vigorous 
frontal  activity,  which  accounts  for  most  of 
the  precipitation. 

In  tne  paragraph  that  follows,  specific 
climatic  lectors  are  discussed  in  more  detail. 

2-6.1  ARCTIC  CLIMATIC  FACTORS 

The  climatic  factors  involved  In  the  arctic 
climate  include  extremely  low  temperatures, 
blowing  snow  and  snow  cover,  long  periods 
of  darkness  during  the  winter  months,  long 
hours  of  daylight  and  the  dust  of  summer, 
and  the  mud  and  morass  of  the  arctic 
muskeg,  Tile  effects  of  these  factors  are 
accentuated  by  the  large  distances  and 
relative  Isolation  of  the  region.  In  the 
paragraphs  thut  follow,  only  a brief  intro- 
duction is  given  to  each  of  these  climatic 
factors  in  order  to  portray  the  arctic 
climate.  Complete  information  Is  to  be 
found  in  Parts  Two  and  Three  of  the 
Environmental  Series  of  Engineering  Design 
Handbooks,  in  particular  in  Chaps.  3 und  8 
of  Part  Two,  which  deal  with  temperature 
and  solid  precipitation,  respectively. 

2-6.1. 1 Tamperatur* 


greatest,  atmospheric  conditions  are  general- 
ly calm  und  clear.  Very  low  surface 
temperatures  are  maintained.  Visibility  is 
normally  good,  although  cultural  activity 
(men  and  materiel)  or  small  open  wuter 
leuds  in  the  sea  ice  may  give  rise  to  fogs. 
Occasional  cyclonic  disturbances  cause 
warning,  high  winds,  precipitation,  and 


The  arctic  climate  is  characterized  by 
persistently  low  surface  tomperutures.  In 
Alusku,  temperatures  of  6l.l°C  ( 78°F) 
have  been  reported;  at  Ft.  Yukon,  at  Alert  in 
Canada,  40° F temperatures  have  persisted 
up  to  6 days;  in  Greenland,  a 70°C  ( 94°F) 
temperature  has  been  reported  at  Northice; 
und  in  Siberiu,  tcmperuturcs  lower  than 
90°  F have  been  reported  at  several  locu- 
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tions.  Nearly  100  weather  stations  near  the 
Arctic  Circle  in  Siberia  record  minimum 
temperatures  of  -76°F  or  lower  each  year.  In 
contrast,  the  lonp  periods  of  summer  sunshine 
result  in  temperatures  frequently  exceeding 
70"F  in  the  summer  months  throughout  the 
regions  of  arctic  climate. 

2-6.1. 2 Atmospheric  Moisture  and  Precipita- 
tion 

Because  of  the  cold  atmospheric  tempera- 
tures, the  water  vapor  content  of  arctic  air  is 
small,  even  less  than  that  of  hot  desert  air. 
At  the  same  time  the  relative  humidity  is 
high  upprouohing  suturution-and  reductions 
in  temperature  can  readily  result  In  the 
deposition  of  water  from  the  air  in  various 
forms.  However,  total  amounts  of  precipita- 
tion in  the  Arctic  are  low.  The  mean  annual 
precipitation  at  Barrov.  in  Alaska  is  4.11  in., 
of  which  just  slightly  more  than  one-half 
occurs  as  snow.  Muxlmum  precipitation 
occurs  during  the  wanner  months,  and  it  is 
not  at  all  .unusual  for  a single  storm  to 
represent  a very  high  proportion  of  the 
unnuul  precipitation. 

The  frequency  of  precipitation,  despite 
low  absolute  amounts,  is  high.  Low  intensity 
falls  of  snow  and  ice  crystuls  occur  frequent- 
ly und,  during  the  summer,  long  periods  of 
drizzle  ure  not  at  all  uncommon.  The  rates 
of  precipitation  are  low;  the  maximum 
accumulation  at  Pt.  Barrow,  Alaska,  is 
equivalent  to  1.5  in.  of  wuter. 

2-0. 1.3  Wind 

Despite  the  popular  notion  that  the  Arctic 
Is  raked  continually  by  strong  winds,  mean 
windspoeds  ure  low.  The  few  higher  winds 
that  do  occur  are  associated  with  storm 
pussages.  For  most  of  the  arctic  region,  the 
largest  frequency  class  of  windspeed  is  4-12 
mph,  accounting  for  50  to  60  percent  of  all 
occurrences.  Gust  windspoeds  in  excess  of 
100  niph  are  estimated  to  have  return 
periods  in  excess  of  30  yr  in  most  of  the 
arctic  region. 


2-6.1. 4 Visibility 

Poor  visibility  is  u common  operating 
condition  in  the  Arctic.  In  the  summer,  fog 
is  the  dominant  cause  of  reduced  visibility 
and  in  the  winter,  ice  fog  and  blowing  snow 
prevail.  In  both  cuses,  the  thickness  of  the 
obscuring  layer  may  exceed  100  ft. 

2-6. 1.6  Terrain 

The  Arctic  is  characterized  by  u diversity 
of  terrain,  including  mountains,  foothills, 
and  plains.  The  northern  slope  of  Alaska 
contains  all  three  of  these  physiographic 
features  und  serves  as  an  excellent  example 
of  arctic  teiruin. 

Much  of  the  Arctic  is  in  a continuous 
permafrost  zone  uiul  contains  perennially 
frozen  ground  to  depths  in  excess  of  1.000 
ft.  in  the  fur  northern  extremes,  the  only 
places  where  permafrost  may  be  absent  ure 
bencuth  major  rivers  und  under  lakes  deeper 
than  6 ft.  The  thickness  of  the  seasonally 
frozen  surface  zone  depends  primarily  upon 
soil  texture  und  is  generally  less  than  2 ft.  In 
addition  to  the  long,  snowy  winter  and  the 
snow-free  summer,  it  is  sometimes  useful  to 
recognize  the  season  of  ice  breakup  as 
illustrated  in  Fig.  2-33.  During  tills  period, 
terrain  Is  considerably  different  from  that  in 
either  of  the  two  seasons  the  surface 
strength  of  this  snow  cover  is  lost  and 
runoff  begins:  the  ground  becomes  saturated 
with  wuter:  all  depressions  are  ponded;  and 
the  river  ice  gradually  breaks  up  and  is 
swept  downstream. 

In  the  snow  covered  winter  period,  which 
varies  in  duration  among  the  various  regions 
of  the  Arctic,  the  terrain  lias  its  lowest  relief 
since  the  drifting  snow  cover  tends  to 
subdue  many  of  the  more  prominent 
features.  The  snow  cover  lias  a windswept 
uninterrupted  appearance  and  consists  of  a 
hard  sastruga-sculptured.  wiiulpucked  layer, 
usually  overlying  a coarse  low  density  layer. 
Fig.  2-34(A)  and  (B)  stiow  typical  sum* 
covered  rubble  ice  fields  over  water  as  may 
be  found  on  rivers  and  ocean  surfaces. 
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(Ground  strength  L naturally  extremely 
variable  and  is  controlled  by  variations  in 
snow  properties  as  well  as  by  the  properties 
of  the  underlying  soil. 

A striking  feature  of  many  regions  of  the 
Arctic,  typified  by  the  coas.jl  plains  in 
Northern  Alaska,  are  the  many  bodies  of 
water  which  have  a pronounced  orientation 
of  their  long  axes.  These  ponds  and  lakes 
range  in  length  from  a few  feet  to  several 
miles  and  are  as  much  as  20  ft  deep. 

2-6.2  REPRESENTATIVE  ARCTIC  CLI- 
MATE* 

The  U S Army  Arctic  Test  Center  is 
located  at  Ft.  Greely,  Alaska,  about  SO  ml 
south  of  Fairbanks  near  Big  Delta.  The 
climate  at  this  location  is  in  the  cold 
category  defined  by  AR  70-38  in  that  the 
temperature  never  reaches  the  •70°F  re- 
quired for  the  extreme  cold  category  but 
does  reach  a minimum  of  25°F  for  greater 
than  1 percent  of  the  days  in  the  coldest 
months.  This  type  of  climate  sometimes  is 
referred  to  as  subarctic  rather  than  arctic 
and  is  common  in  much  of  the  higher 
latitude  zones  of  North  America  and  north- 
ern Eurasia.  Because  Ft.  Greely  is  the  site  of 
the  Arctic  Test  Center,  much  environmental 
data  have  been  obtained  at  this  site.  Terrain 
features  of  sufficient  variety  exist  so  that  it 
generally  is  representative  of  a large  region 
of  arctic  climates. 

2-6.2. 1 Terrain 

The  terrain  at  Ft.  Greely  includes  high- 
land (elevation  of  2.500  ft  or  higher), 
lowland  and  fiat  surfaces  (elevutions  less 
than  1,500  ft),  and  low  hills  and  lakes  at 
intermediate  elevations.  These  terrain  fea- 
tures are  a result  of  glacier  action  which 
deposited  coarse  sandy  soils  with  high 
permeability  and  good  bearing  strength.  In 
lower,  poorly  drained  depressions,  the  fine- 
grained organic  and  n merai  sous  comprising 
muskeg  are  found.  Hundreds  of  small  lakes 


•A  iwneral  reference  for  this  paragraph  Is  Ref.  9. 


and  swampy  stream  beds  are  scattered 
throughout  large  sections,  and  sandbar  and 
other  alluvial  materials  are  found  on  the 
flood  plains  (see  Fig.  2-35).  Large  areas  of 
broken  rock  fragments  cover  the  steepest 
slopes  and  summits,  and  the  streams  general- 
ly have  gentle  gradients  and  How  in 
tree-lined  narrow  chunnels,  Stream  flow 
results  primarily  from  snow  and  ice  runoff 
in  the  spring  and  summer.  A summary  of 
these  terrain  features  is  given  in  Table  2-‘L 

At  Ft.  Greely,  the  lakes  freeze  over  in 
early  November  and  ice  reaches  a thickness 
of  between  30  and  38  in.  by  the  time  of  the 
spring  breakup.  Snowfall  affects  the  nature 
of  the  ice.  With  little  snowfall  the  ice  is 
black  in  color  and  has  good  tn  nsparency 
but.  when  the  snow  is  thick,  the  ice  is  thin 
and  becomes  inhomogeneous.  Ice  formed 
under  snow  is  weak  and  hazardous. 

The  Ft.  Greely  area  lies  in  a discontinue  us 
permufrost  zone.  A permanently  frozen  layer 
of  soil  is  found  beneath  most  of  the  glacial 
deposits  where  the  top  of  the  pe.rnafrosi 
may  be  25  ft  below  the  surface.  In  areas 
where  soil  is  more  thun  3 ft  thick,  however, 
the  permafrost  may  be  as  close  as  1 to  4 ft 
from  the  surface.  In  the  winter,  of  course, 
the  soil  is  frozen  from  the  surface  to  depths 
of  3 to  10  ft  except  where  sometimes 
protected  by  heavy  snow  cover. 

The  vegetution  characteristics  of  the  Ft 
Greely  area  are  summarized  in  Table  2-10. 
Little  or  no  vegetation  is  found  in  areas 
where  permafrost  occurs  neat  the  surface 
but  spruce  forests  cover  large  parts  of  the 
area.  Vegetation  is  influenced  very  much  by 
forest  fires;  the  spruce  is  replaced  by 
birch-aspen  forests  after  a fire.  Lt  iow  areas, 
alder,  birch,  aspen,  and  willow  form  heavy 
clumps  of  vegetation  (oee  Fig.  2-36).  Grasses 
cover  much  of  the  lowlands  of  the  area 
including  the  old  lake  areas  that  have  been 
filled  witli  peat  (see  Fig.  2-36(B)  and  (C)). 
in  such  ureas,  mosquitc.es  and  black  flies  arc 
u prevalent  problem  in  the  summer.  The 
tundra  areas  are  covered  with  mosses  and 
lichens  as  well  as  scattered  sedges,  heath 
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Figur 9 2-35.  A Typical  Small  Straam  on  tha  Arctic 
Cemtal  Plain  (Ref,  IS) 
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plants,  and  occasional  small  trees,  This  type 
of  vegetation  generally  is  found  below  the 
2,000-ft  elevation. 

26.2.2  Temperature 

Weather  records  show  that  -25°F  tempera- 
tures are  recorded  from  November  to  late  in 
March.  In  a given  winter,  the  number  of  days 
with  -25°F  temperatures  or  less  range  from 
13  to  44. 

26.2.3  Solar  Radiation 

Fig.  2-37  shows  the  annual  cycle  of  daily 
solar  illumination.  In  winter  when  the  sun  is 
low  on  the  southern  horizon,  the  glare  from 
snow-covered  surfaces  restricts  visibility, 
particularly  when  haze  or  ice  fog  are 
present.  The  twilights  are  long  and  provide 
useful  illumination  well  past  sunset. 

2-6.2 .4  Snow 

Wind  action  on  the  light  snow  at  Ft, 
Greely  results  in  many  open  areas  being 
nearly  clear  of  snow  throughout  the  winter. 
In  forested  areas,  however,  snow  forms  a 
lasting  cover  that  undergoes  little  loss  from 
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either  wind  or  evaporation.  Because  the 
snow  is  generally  light  and  fine,  the  water 
equivalent  of  20  in.  of  snow  is  about  1 in. 
of  water.  Snowfall  usually  occurs  in  the 
early  morning  hours,  and  very  rarely  is  any 
form  of  liquid  precipitation  found  in  the 
winter  months.  Snow  falls  on  an  average  of 
8.1  days  in  January  which  is  the  snowiest 
month  with  a total  accumulation  amounting 
to  about  7 in.  The  snowfall  is  about  one-half 
this  amount  in  November.  December,  and 
February. 

26.2.S  Visibility  Restrictions 

Visibility  at  Ft.  Greely  is  commonly 
reduced  by  ice  fog  and  blowing  snow.  In 
hnuary,  2,5  percent  of  all  hours  exp  ..cnee 
ice  fog  but  blowing  snow  is  less  common. 
When  the  blowing  snow  does  occur,  it  is 
usually  within  2 m of  the  ground  and  occurs 
even  in  the  presence  of  light  winds. 

Whiteout  occurs  during  the  most  severe 
instances  of  fog  and  blowing  snow,  In  these 
situations,  visual  references  are  obscured  by 
the  uniform  light  reflectance  from  the  sky 
and  ground  with  a loss  of  orientation  and 
depth  perception. 
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TABLE  210. 

rCHEMMIAL  VEGETATION  IN  THE  FT.  GREELY,  ALASKA,  TEST  AREA  |R«f.  IS) 


General 

type 

Habltat(s) 

Principal 

species 

Remarks 

Tsll  forts t 

High  moraine 
dtposlts 

White  and  black 
spruce  with 
scattered  birch, 
aspen,  and  willow. 

Occupies  higher 
area  between 
lakes.  Density 
hinders  trans- 
portation. 

Mixed  short 
forts t 

Drltr,  gently 
sloping  grtvtl 
plains  that  have 
bttn  burned  over. 

Aspen  and  birch 
with  scattered 
clumps  of  young 
spruce  t 

Young  trees  re- 
placed spruce 
forest  after 
forest  fires. 
Cover  Is  very 
dense  and  foot 
travel  Is 
difficult. 

Mixtd  scrub 

Usually  on  low 
poorly  aralntd 
areas  but  some- 
times found  on 
slopes. 

Alder,  birch, 
and  spruce  with 
heath  undergrowth 

Travel  In  winter 
easier  than  In 
mixed  short 
forest 

Sedge- 

tussock 

Lowlands  and  bare 
hilltops. 

Sedges  on  low- 
lands; mosses 
and  lichens  on 
hilltops. 

One  of  the  more 
accessible  sect- 
ions with  roads 
and  trails. 

Good  for  winter 
travel . 

Tundra 

Areas  above 
2,500  ft 

Tundra  mosses, 
cranberry,  blue- 
berry, mossberry, 
small  sedges  and 
willows,  labrador 
tea,  and  scattered 
alder  and  birch. 

Steeper  slopes 
show  signs  of 
sollfluctlon 
and  In  places 
bare  bedrock  Is 
exposed . 

Three  types  of  fog  are  encountered  during 
the  cold  weather  season: 

(1)  Warm  fog  consisting  of  water  droplets 
suspended  in  the  atmosphere  at  temperutures 
above  32°  F 


(2)  Supercooled  fog  consisting  of  liquid 
droplets  suspended  in  the  atmosphere  at 
temperatures  below  32°F 

(3)  Ice  fog  consisting  of  minute  airborne 
ice  particles. 
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(C)  Pest  mound  hummocks 

Figure  2-36  (Continued), 
Vegetation  Characteristics  of  the 
Ft  Greeiy,  Alaska,  Test  Area 
(Ref.  15) 

Warm  fog  is  rare  during  the  cold  weather 
season  but  cold  or  supercooled  fog  can 
occur  when  the  ai;  temperature  is  between 
32°  and  30° F.  This  latter  type  of  fog  can 
be  dissipated  by  heat  sources.  During  periods 
of  supercooled  fog,  frost  or  rime  gathers  on 
exposed  surfaces  and  can  be  thick  in  the 
presence  of  wind. 

Ice  fog  is  a frequent  occurrence  in 
extremely  cold  temperatures  unu  Is  corre- 
lated with  human  activity.  Although  natuial 
sources  of  lee  fog  exist,  its  most  pievulent 
source  is  the  water  vapor  injected  into  the 
atmosphere  from  combustion  sources,  cool- 
ing ponds,  or  other  activities.  'Hie  firing  of 
an  artillery  piece,  for  example,  creates  a 
small  ice  fog  cloud  which  can  envelope  the 
firing  position. 

2-7  REGULATORY  FACTOR  VALUES 

In  the  preceding  paragraphs  of  this 
chapter,  the  various  climates  of  the  world 
have  been  considered,  and  extreme  values 
for  the  various  environmental  factors  in' 
volvcd  In  climate  have  been  given.  'Hie 
extreme  environments -desert,  tropicul.  and 
arctic - are  described  at  greater  length  but 


the  greater  portion  of  the  earth  remains 
after  these  severe  climate  regions  have  been 
excepted  the  so-called  temperate  regions. 
Most  materiel  is  used  in  the  temperate 
regions:  thus,  this  climate  is  often  the  norm 
for  materiel  design. 

It  is  necessary  to  examine  the  criteria  for 
materiel  that  are  established  by  regulations 
relative  to  the  climates  described.  The 
climatic  factors  under  which  materiel  is 
expected  to  operate  in  the  various  regions  is 
outlined  in  AR  70-38,  Research,  Develop- 
ment, Test,  arui  Evaluation  of  Miteriei  for 
Extreme  Climatic  Conditions  (Ref.  1),  and 
in  MIL-STD-210,  Climatic  Extremes  for 
Military  Equipment  (Ref.  5). 

The  eight  climatic  categories  of  AR  70-38 
are  listed  in  Table  2-1,  und  Table  2-11  gives 
the  diurnal  extremes  of  temperature,  relative 
humidity,  and  solar  rudiution  values  for  each 
climate  and  for  both  operational  und 
storuge-transit  conditions.  These  factor 
values  are  those  to  which  military  materiel 
might  be  subjected.  Operational  conditions 
are  stated  in  terms  of  ambient  temperature 
and  humidity  measured  under  standard 
conditions  of  ventilation  and  radiation 
shielding  in  u meteorological  shelter  at  a 
height  of  4 to  (>  ft  ubove  the  ground. 
Temperature  of  materiel  may  vary  from  the 
ambient  air  temperature  because  of  the 
effects  of  incoming  and  outgoing  radiation 
and  iniernal  sources  of  heat  as  influenced  by 
the  thermal  mass  and  heat  transfer  character- 
istics of  the  materiel. 

Storage  and  transit  conditions  reflect  the 
air  temperature  and  humidity  conditions  to 
which  materiel  might  be  subjected  in  storage 
and  transit:  eg.,  inside  an  unvcntilated  field 
storage  shelter,  under  tarpaulins,  in  tents,  or 
in  railway  boxcars. 

The  conditions  given  in  Table  1 1 1 do  not 
represent  the  ubso’ute  extremes  that  may  be 
encountered  in  the  various  climatic  loca- 
tions, AR  70-38  states  that  Army  materiel 
will  not  be  designed,  developed,  and  tested 
to  withstand  the  absolute  extreme  climatic 
conditions  that  occur  in  an  urea.  Materiel  is 
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Figure  2-37.  Starlight-Darkness  Durations  for  Ft.  Graaty,  Alaska  {Ref.  181 
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TABLE  2 11. 

TEMPERATURE,  SOLAR  RADIATION,  AND  RELATIVE  HUMIDITY  DIURNAL  EXTREMES  (Rif.  1) 


Climatic 

Operational  conditions 

Storage  and  transit 
conditions 

Category 

Ambient  air 
temperature, 

op 

Solar 
radiation, 
Btu  ft-'2  hr"1 

Ambient 

relative 

humidity, 

% 

Induced  air 
temperature, 

op 

Induced 
relative 
huml  dl  ty , 
% 

1 

Wet-warm 

Nearly 

constant  Negligible  95  to  100 

75 

Nearly 

constant  95  to  100 

80 

2 

Wet-hot 

78  to  95  0 to  360  74  to  100 

90  to  160  10  to  85 

3 

Humid- hot 

coastal 

desert 

85  to  100  0 to  360  63  to  90 

90  to  160  10  to  85 

4 

Hot- dry 

90  to  125  0 to  360  5 to  20 

90  to  160  2 to  50 

5 

Intermediate 
hot- dry 

1 

70  to  110  0 to  360  20  to  85 

70  to  145  5 to  50 

6 

Intermediate 

hot-cold 

cold 

Tending 

-5  to  -25  Negligible  toward 

saturation 

Tending 
-10  to  -30  toward 

saturation 

7 

Cold 

Tending 

-35  to  -50  Negligible  toward 

saturation 

Tending 
-35  to  -50  toward 

saturation 

8 

Extreme 

cold 

Tending 

-60  to  -70  Negligible  toward 

saturation 

Tending 

-60  to  -70  toward 

saturation 
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CUMATiC  EXTREMES  FOR  MILITARY  EQUIPMENT  (R«L  5! 
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expected  to  withstand  climatic  conditions 
that  are  exceeded  only  one  percent  of  the 
time  (hours)  in  the  most  extreme  month  in 
the  most  extreme  parts  of  the  appropriate 
climatic  areas.  This  1- percent  risk  policy  is 
accepted  in  view  of  the  cost  and  complexity 
of  designing  for  the  absolute  extreme 
conditions  that  might  occur  in  any  given 
area. 

Different  climatic  extremes  for  military 
equipment  are  given  in  MIL- ST1>2 10  as  in 


Table  2-12.  Climatic  extremes  are  differ- 
entiated by  the  categories  worldwide,  arctic 
winter,  moist  tropics,  and  hot  desert;  and 
the  marine  environment  has  been  indicated 
by  the  title  “shipboard  worldwide”.  Values 
also  are  given  for  short-term  storage  and 
transport  by  worldwide  land,  sea,  and  air 
transport.  These  factor  values  are  determined 
by  scientific  judgment  and  arc  not  expected 
to  be  exceeded  on  more  than  10  percent  of 
the  most  extreme  month  and  are  thus  called 
probable  extremes. 
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CHAPTER  3 

EFFECTS  OF  ENVIRONMENT 


3-1  INTRODUCTION 

This  chapter  provides  information  on  the 
combined  effects  of  environment  on  mate- 
riel. Whereas  in  Parts  Two  and  Three  of  the 
Environmental  Series  of  Engineering  Design 
Handbooks  the  effects  of  single  factors  are 
discussed,  the  organization  of  this  chapter  is 
directed  toward  the  identification  of  impor- 
tant classes  of  effects-interference,  mobility 
degradation,  material  degradation,  and  the 
combinations  of  environmental  factors  pro- 
ducing these  effects.  For  comparison,  an 
example  of  single-factor  analysis  is  given  in 
par.  3-6  and  two-tactor  combinations  are 
discussed  in  par.  3-7. 

This  chapter  provides  additional  support- 
ing information  preparatory  to  the  discus- 
sion of  the  life-cycle  environments  in  Chaps. 
4 and  5.  Just  as  Chap.  2 described  the 
important  types  of  climates  encountered  in 
the  life  cyc*u  of  materiel,  this  chapter 
describes  the  important  classes  of  effects. 

It  is  important  to  note  the  emphasis  on 
material  degradation  in  this  chapter.  Material 
degradation  is  characteristically  slow  acting, 
causing  materiel  impairment  over  time 
periods  of  days,  months,  or  years.  These 
degradative  effects  are  of  most  importance 
in  the  logistic  portion  of  the  life  cycle, 
rather  than  in  the  operational  portion.  The 
effects  of  environment  in  the  operational 
environment  are  more  immediate,  consisting 
of  functional  interference  with  materiel 
performance. 

Every  environmental  factor  is,  at  some 
time  and  place,  part  of  the  iife-cycle 
environment  of  military  materiel.  A discus- 


sion of  all  possible  combinations  of  environ- 
ment would  be  too  cumbersome  to  include 
in  this  handbook.  The  combirntions  of 
environmental  factors  that  occur  naturally, 
plus  the  concurrence  of  certain  induced 
factors,  are  discussed  as  they  seem  appro- 
priate to  the  three  extreme  climatic  environ- 
ments-desert,  tropical,  and  arctic.  The  fact 
that  a number  of  environmental  factors  are 
not  discussed  specifically  should  not  be 
interpreted  to  mean  that  these  factors  can 
be  ignored  or  that  they  are  unimportant. 
This  reflects  the  fact  that  multifactor 
analysis  of  the  environment  at  the  present 
state  of  the  art  has  been  concerned  primarily 
with  climatic  factors.  Although  all  environ- 
mental factors,  induced  or  natural,  have 
been  discussed  separately,  many  of  the 
synergisms  that  occur  have  not  been  investi- 
gated. At  the  same  time,  since  some  of  the 
factors  are  basically  independent  of  other 
factors,  they  can  more  easily  be  considered 
separately.  For  all  these  reasons,  the  basic 
approach  of  this  volume  has  been  to  explore 
the  multifactor  environment,  which  can  be 
characterized  by  the  extreme  climatic  types. 

locally,  military  materiel  should  function 
when  and  where  it  is  needed  regardless  of 
environment.  Environment,  however,  can 
and  does  interfere  with  the  functioning  of 
men  and  materiel  in  several  ways.  First,  the 
environment  can  inhibit  availability  of  the 
materiel  at  the  time  when  it  is  needed.  If 
materiel  cannot  be  delivered  to  the  user 
when  it  is  needed,  then  its  intended  function 
goes  undone  as  surely  as  if  the  materiel  had 
been  destroyed.  It  overshadows  performance 
and  reliability  considerations  and  frequently 
is  a devastating  fact  oi  the  military  environ- 
ment. 


3-1 


AMCP  706-1  IS 


Second,  materiel  can  be  delivered  to 
operational  personnel  and  still  not  be  able  to 
perform  its  function  although  the  equipment 
itself  is  functional,  For  example,  the  envi- 
ronment can  deny  visibility  to  the  operators 
of  equipment  so  that  it  cannot  be  employed 
effectively.  Reduction  of  visibility  also 
affects  mobility  and  can  result  in  damage  to 
materiel  if  movement  is  attempted  when 
visibility  is  inadequate.  It  also  affects  the  use 
of  materiel  if  it  is  necessary  for  operating 
personnel  to  sec  in  order  to  use  the  materiel. 
For  example,  a rifle  or  other  weapon  is  of 
little  value  if  the  enemy  or  target  cannot  be 
located  or  identified  because  of  fog  or  rain, 
or  a perfectly  functional  tank  is  of  little 
value  if  the  operators  are  unable  to 
maneuver  it  or  to  direct  the  Firing  of  its 
weapons  as  a result  of  visibility  impairment. 

Third,  materiel  can  deteriorate  or  be 
damaged  to  the  extent  that  it  cannot 
function  properly  as  a result  of  environ- 
mental factors.  Basically,  only  two  general 
types  of  damage  can  occur  to  materiel:  (1) 
damage  by  physical  processes,  and  (2) 
damage  by  chemical  processes.  These  pro- 
cesses are  not  exclusive  since  mechanical 
damage  is  frequently  necessary  to  permit  the 
exposure  to  environmental  factors  that  cause 
chemical  damage.  In  addition,  the  processes 
of  chemical  reaction  produce  physical  dam- 
age in  many  cases.  Rust,  rot,  mold,  electrical 
short  circuits,  and  prematurely  wornout 
truck  tires  are  examples. 

A special  case  occurs  when  an  item  of 
materiel  is  rendered  inoperable  by  the 
environment  although  no  permanent  damage 
may  occur  to  the  materiel.  For  example, 
sometimes  an  environmental  extreme  may 
modify  operation  of  the  item  of  materiel  so 
that  continued  use  would  so  shorten  the 
materiel  lifetime  that  operation  is  not 
practicable  under  the  extreme  condition: 
e.g„  overheating  of  vehicles  in  extremely  hot 
climates,  and  overheating  of  brakes  because 
of  steep  terrain. 

In  Table  3-1  the  general  effects  of 
environment  on  materiel  are  tabulated. 
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Typical  environmental  factors  involved  are 
listed  and,  in  some  cases,  the  sources  of 
these  factors  are  identified. 

3-2  INTERFERENCE 

3-2.1  OPTICAL 

Optical,  electromagnetic,  and  acoustic 
radiation  constitute  important  sources  of 
interference  with  the  proper  operation  of 
materiel  and  performance  of  personnel. 

Optical  interference  affects  visibility  as 
well  as  the  instruments  that  rely  upon 
optical  radiation  for  their  operation.  Such 
equipments  include  lasers,  optical  ranging 
deviu-s,  optical  rangefinders,  solar  cells, 
optical  navigation  equipment,  and  tracking 
devices  such  as  theodolites,  survey  instru- 
ments, und  fire  direction  equipmen*. 

The  most  common  form-,  of  optical 
interference  result  from  the  suspension  of 
particles  in  the  atmosphere.  These  include 
moisture  as  in  clouds,  fog,  und  salt  fog:  ice 
and  snow  particles  in  ice  fog  and  snow 
storms;  dust  in  dust  storms:  atmospheric 
pollutants;  and  rain.  Also,  optical  interfer- 
ence effects  are  produced  as  a result  of 
differing  indexes  of  refraction  of  layers  of 
the  atmosphere,  as  in  mirages.  Very  bright 
reflections  can  also  interfere  with  visual 
performance. 

In  some  cases,  water  is  a form  of  optical 
interference,  particularly  when  terrain  is 
covered  by  water  to  the  extent  that  it  is  not 
possible  to  determine  the  shape  of  the 
terrain  underneath  the  water.  This  is  particu- 
larly important  In  fording  operations  or  in 
operations  in  flooded  areas.  Vegetation 
restricts  visibility  to  varying  degrees,  depend- 
ing upon  the  nature  and  quantity  of  the 
vegetation  present.  In  many  areas,  irregular 
terrain  with  high  relief  features  is  the  mujor 
limitation  on  visibility.  Finally,  it  should  be 
noted  that  darkness  is  a factor  that, 
although  not  necessarily  considered  a form 
of  optical  interference,  is  extremely  effective 
in  reducing  performance,  particularly  the 
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TABLE  3-1. 

EFFECT  OF  ENVIRONMENTAL  FACTORS 


Major  effect 

Causes 

Interference 

Optical  (reduction  of 
visibility,  loss  of 
communications) 

Fog,  Ice  fog,  salt  fog,  whlteout, 
rain,  snow,  mirages,  darkness, 
terrain,  clouds,  dusts terms,  vege- 
tation, water  (covering  terrain), 
countermeasures 

l 

Electromagnetic 

(nonoptlcal) 

Lightning,  terrain,  auroral  phe- 
nomena, rotating  machinery, 
electromagnetic  pulses  from  nuclear 
weapons,  electrostatic  discharge, 
communication  (radio  and  televi- 
sion) sources,  microwave  sources, 
transmission  lines,  Industrial 
equipment 

Audio 

Gunfire,  explosions,  rotating  ma- 
chinery, vibration  of  materiel, 
impact  or  shock  of  materiel, 
thunder,  wave  Impact,  animal 
noise,  traffic,  construction,  ex- 
haust noise  from  engines 

Mobility  reduction 
(embedment,  trapping, 
loss  of  traction) 

Ice,  snow,  mud,  wet  salt  flats, 
swamp,  sand,  relief  (due  to  shape 
of  terrain),  rocks  and  boulders, 
vegetation,  grade,  water,  step 
function  Interfaces  In  the  terrain 

Mechanical  damage 
(deformation,  fracture, 
fatigue,  loss  of  strength, 
change  of  state,  change 
of  viscosity  for  liquids) 

Temperature,  humidity,  fog,  water,  rain, 
water  pressure,  wind  loading  and  air 
pressure,  Ice  and  snow  loads,  blowing 
sand  and  dust,  terrain  (shock, 
vibration.  Impact),  macroblologlcal 
organisms,  shock,  vibration, 
acceleration,  solar  radiation 

Chemical  damage 
(deterioration,  corrosion, 
spoilage) 

Temperature,  humidity,  fog,  salt  fog,  salt 
water  and  spray,  rain,  ozone,  air  pollut- 
ants, microbiological  organisms 
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visual  performance  of  human  beings. 
Whether  or  not  a visibility  factor  is 
considered  an  aid  or  an  interference  depends 
on  whether  the  objective  is  concealment  or 
observation. 

3-2.2  ELECTROMAGNETIC 

Electromagnetic  interference  at  nonoptical 
wavelengths  is  present  in  a wide  variety  of 
phenomena.  Electromagnetic  interference 
produces  signals  that  interfere  with  com- 
munication equipment,  radar  equipment,  and 
other  types  of  electronic  equipment  that 
depend  for  their  operation  upon  the  recep- 
tion of  electromagnetic  signals.  In  addition, 
the  presence  of  strong  electromagnetic  inter- 
ference can  induce  damaging  voltages  in 
electronic  and  control  equipment  such  as 
computers  that  do  not  depend  on  the 
propagation  of  electromagnetic  energy  in 
free  space. 

Natural  sources  of  electromagnetic  inter- 
ference include  lightning,  ionospheric  dis- 
turbances, and  uurorul  phenomena.  In  addi- 
tion, for  those  high  frequency  devices  that 
depend  upon  line-of-sight  for  their  function, 
terrain  features  interposed  between  two 
communication  sites  or  between  radar  set 
and  target  can  degrade  or  prevent  operation. 
Vegetation  interposed  between  a transmitter 
and  receiver  or  between  receiver  and  target 
can  absorb  or  scatter  electromagnetic  energy 
to  such  an  extent  that  operation  becomes 
marginal.  Even  flying  birds  and  insect  clouds 
have  on  occasion  appeared  as  false  targets  In 
high  frequency  radar  systems. 

The  sources  of  manmade  electromagnetic 
interference  are  numerous.  They  include 
industrial  equipment,  microwave  ovens  and 
other  microwave  sources,  communications 
(both  radio  and  television  sources),  transmis- 
sion lines,  rotating  machinery,  and  electro- 
static discharges  of  various  types. 

3-2.3  ACOUSTIC 

Audio  or  acoustic  interference  can  pro- 
duce several  effects.  First,  audio  interference 


can  interfere  with  critical  communications 
between  individuals  Audio  interference  also 
distracts  and  irritates  personnel,  often  reduc- 
ing performance  when  the  noise  level  reaches 
a certain  point,  particularly  when  the  task  to 
be  performed  mvolves  mental  processes. 
Further,  a common  experience  has  been  for 
the  presence  of  even  small  noises  to  become 
a source  of  severe  irritation,  which  is 
reflected  in  performance  degradation  or  loss 
of  sleep.  A classic  example  is  the  loss  of 
sleep  caused  by  a single  mosquito  buzzing  in 
a room.  The  severity  of  the  irritation 
produced  under  these  circumstances  varies 
with  individuals,  but  it  can  be  severe.  Noise 
can  also  be  a negative  factor  wiien  conceal- 
ment is  desired.  Finally,  loud  noises  and 
blast  effects  are  known  to  produce  both 
temporary  and  permanent  hearing  damage  in 
man. 

Natural  sources  of  acoustic  energy  include 
thunder,  wind  noise  in  vegetation,  and  wave 
impact.  Manmade  sources  of  audio  interfer- 
ence are  extremely  varied;  e.g.,  explosions 
and  gunfire,  jet  engine  and  other  engine 
exhaust  noises,  traffic,  construction,  rotating 
machinery,  plus  vibration,  impact,  and  shock 
of  materiel. 

3-3  MOBILITY  DEGRADATION 

Mobility,  both  vehicular  und  personnel, 
can  be  affected  by  a variety  of  mechanisms. 
Vehicles  can  become  embedded  in  soft 
snow,  mud,  or  sand  to  such  an  extent  that 
the  power  transmission  system  of  the  vehicle 
is  no  longer  effective  in  producing  the 
traction  sufficient  to  move  the  vehicle 
forwurd.  This  usually  occurs  when  the 
umount  of  material  that  must  be  pushed 
aside  in  front  of  the  vehicle  become 
sufficient  to  prevent  its  iorward  motion  with 
the  truction  provided  by  the  contuct  of  the 
wheels  with  the  terrain.  Loss  of  traction  can 
occur  without  embedment  us  a result  of  the 
slipperiness  of  ice.  wet  salt  flats,  wet  und 
oil-coated  pavements,  packed  snow,  and  thin 
luyers  of  mud  over  dry  or  otherwise  more 
tractive  material.  Mobility  also  cun  be  lost 
by  trapping,  us  occurs  when  fixed  parts  of 
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the  vehicle  come  in  contact  with  the  ground, 
thus  preventing  motion  of  the  vehicle.  This 
particular  mode  of  immobility  occurs  as  a 
result  of  attempted  traverse  of  ditches  and 
hillocks  or  humps. 

Other  natural  obstacles,  such  as  rocks  and 
boulder  fields,  also  prevent  vehicle  motion 
by  trapping.  Mature  forests  prevent  passage 
of  vehicles;  many  waterways,  because  of 
depth  and  currents,  are  often  impassible:  and 
step  function  interfaces  in  the  terrain  such 
as  cliffs,  steep  stream  beds,  and  ditches 
prevent  vehicle  movements.  Finally,  a vehicle 
can  traverse  a maximum  slope  (which  differs 
lor  various  vehicles  according  to  their 
weight,  power,  and  configuration),  beyond 
which  traction  is  insufficient  to  produce 
forward  progress.  In  other  cases,  the  limiting 
parameters  are  not  traction  and  power  hut 
rather  the  stability  of  the  vehicle.  This  is 
particularly  applicable  in  lateral  movement 
along  steep  slopes  because  for  most  vehicles 
the  wheelbase  is  longer  than  the  track  width. 

34  MECHANICAL  AND  CHEMICAL  DAM- 
AGE TO  MATERIALS 

The  deterioration  of  materials  as  a result 
of  exposure  to  various  environmental  factors 
is  discussed  in  this  paragraph.  First,  particu- 
lar types  of  materials  are  discussed  with 
respect  to  those  environmental  factors  most 
likely  to  result  in  deterioration.  Thus,  if  one 
is  working  with  or  considering  a particular 
material,  the  primary  environmental  pitfalls 
can  be  identified  easily  Second,  a number 
of  environmental  factors  are  presented  ulong 
with  their  principal  effects  and  the  typical 
kinds  of  failures  that  ihe  environmental 
factor  produces.  This  may  be  useful  when  it 
is  desired  to  evaluate  the  importance  of  a 
particular  environmental  factor. 

Emphasis  is  placed  on  the  effects  of 
environmental  factors  on  materials.  Discus- 
sion of  multifactor,  environmentally  induced 
problems  encountered  by  operational  mate- 
riel (which  in  reality  are  assemblages  of 
items  constructed  of  various  materials)  will 
be  deferred  to  Chap.  4.  The  paragraphs  that 


follow  delineate  the  basic  types  of  material, 
identify  the  agents  of  deterioration,  and 
enumerate  the  effects  of  deterioration  for 
each  material  type. 

In  considering  the  deterioration  of  any 
item,  the  target  materials  may  be  divided 
into  two  broad  headings  - inorganic  and 
organic.  The  fundamental  material  types  and 
the  primary  deteriorative  agents  or  effects 
tor  each  material  type  are  listed  in  Table 
3-2. 

Tabic  3-3  lists  the  commonly  occurring 
environmental  factors  that  are  most  signifi- 
cant from  the  standpoint  of  deterioration. 
With  each  are  listed  the  principal  effects 
caused  and  some  typical  failure  modes 
induced  by  the  factor. 

To  provide  some  insight  into  the  kinds  of 
deterioration  that  can  occur,  deterioration  of 
various  classes  of  material  is  discussed  in  the 
paragraphs  that  follow  (Ref.  3). 

34.1  METALS 

Except  for  physical  changes  brought 
about  by  low  temperatures,  the  primary 
deterioration  of  metals  is  in  the  form  of 
corrosion.  Corrosion  of  metals  is  related 
closely  to  the  environment.  Busically,  mois- 
ture, chemical  action,  electrochemical  action, 
and  temperature  ure  the  elements  that 
contribute  to  the  deterioration  of  metal. 
Moisture  in  the  form  of  water  or  water 
vapor  is  essential,  with  the  rate  of  corrosion 
being  influenced  by  the  manner  in  which  the 
moisture  is  applied.  Alternate  wetting  and 
drying,  us  by  a spray,  causes  rapid  corrosion; 
whereas  wetting,  as  by  condensation,  with  a 
thin  water  layer  is  even  more  destructive.  A 
high  relative  humidity  results  in  an  80-per- 
cent  increase  in  the  corrosion  rate  of  steel 
and  a significant  increuse  in  the  corrosion 
rate  of  zinc  over  that  in  dry  air. 

Corrosion  of  metals  by  reaction  with  trace 
chemicals  in  the  environment  occurs  under  a 
variety  of  circumstances,  each  generally 
requiring  moisture.  Atmospheric  pollutants 
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TABLE  3-2. 

MATERIAL  DETERIORATION  AGENTS  (Raf.  1| 


Materiel 

Agent 

Inorganic 

totals 

Chemically  Induced  corrosion 
Electrolytic  processes 
Age  hardening 
Stress  deterioration 

Glasses 

Actinic  processes 
Physical  and  chemical  weather- 
ing 

Microbiological  attack 

Organic 

Rubber 

Oxidation  (ozone) 

Loss  of  plasticizer 
High  temperature  (continued 
vulcanization) 
Microbiological  attack 
Stress  deterioration 

Plastics 

Chemical  attack  (solvent  vapors) 
Actinic  processes 
Microbiological  attack 
Mechanical  stresses 

Oils  and  greases 

Oxidation 

Chemical  oissoclatlon 
Microbiological  attack 
Evaporation 

Wood  (cellulose) 

Biological  attack 
Imbalance  of  moisture 

Fabric 

Biological  attack 
Actinic  processes 
Thermal  deterioration 

are  an  important  source  of  trace  chemicals 
and,  in  some  areas  subject  to  fog,  produce 
much  metallic  corrosion.  The  salts  in  soils 
and  water  are  the  most  widely  distributed 
and  troublesome  of  corrosive  chemical 
agents.  Natural  salts  causing  the  greatest 
damage  are  the  chlovides-particularly 


sodium  chloride  because  it  is  most  frequent- 
ly encountered - but  the  nitrates,  sulfates, 
phosphutes,  and,  occasionally,  carbonates  are 
also  active  agents.  Salts  in  solution  or  in  a 
moist  environment  hydrolize,  causing  corro- 
sion of  metals  either  by  direct  chemical 
action  or  by  electrochemical  action. 
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TABLE  3-3. 

SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS  (Ref.  21 


Environmental 

factor 

Principal  effects 

Typical  failures  indeed 

High  temperature 

Thermal  aging: 

Insulation  failure 

Oxidation 
Structural  change 
Chemical  reaction 

Alteration  of  electrical  properties 

Softening,  malting .and 
tubl iMatlon 

Structural  failure 

Viscosity  reduction  and 
evaporation 

Loss  of  lubrication  properties 

Physical  expansion 

Structural  failure 
Increased  mechanical  stress 
Increased  wear  on  moving  parts 

Lem  tempereture 

Increased  viscosity  and 
solidification 

Loss  of  lubrication  properties 

Ice  formation 

Alteration  of  electrical  properties 

Embrittlement 

Loss  of  mechanical  strength 
Cracking,  fracture 

Physical  contraction 

Structural  failure 
Increased  wear  on  moving  parts 

High  relative 

Moisture  absorption 

Swelling,  rupture  of  container 

humidity 

Physical  breakdown 

Loss  of  electrical  strength 

Chemical  reaction: 

Loss  of  mechanical  strength 

Corrosion 

Interference  with  function 

Electrolysis 

Loss  of  electrical  properties 
Increased  conJuctIvlty  of  Insulators 

Low  relative 
humidity 

Desiccation; 

Loss  of  mechanical  strength 

embrittlement 

b 

structural  col  laps' 

Granulation 

Alteration  of  electrical  properties 
"Ousting" 

High  pressure 

Compression 

Structural  collapse 
Ssal  penetration 
Interference  with  function 

S-l 
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TABLE  3-3  (Continued). 

SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS  (Rtf.  2) 


Environmental 

factors 

Principal  effects 

Typical  failures  Induced 

Low  pressure 

Expansion 

Outgasslng 

Reduced  d1«.'*ct>'1c 
strength  of  air 

Fracture  of  container 

Explosive  expansion 

Alteration  of  electrical  properties 

Loss  of  mechanical  strength 

Insulation  breakdown  and  arc-over 

Corona  and  ozone  formation 

Solor  radiation 

Actinic  and  physico- 
chemical reactions: 

Embrittlement 

Surface  deterioration 

Alteration  of  electrical  properties 
discoloration  of  materials 
Ozone  formation 

Sand  and  duat 

Abrasion 

Clogging 

Increased  wear 
Interference  w.lh  function 
Alteration  of  electrical  proparties 

Salt  spray 

Chemical  reactions: 
Corrosion 

Electrolysis 

Increased  wear 

Loss  of  mechanical  strength 

Alteration  of  electrical  properties 

Interference  with  function 

Surface  deterioration 

Structural  weakening 

Increased  conductivity 

Mind 

Force  application 

Deposition  of  materials 

Heat  loss  (lnw  velocity) 

Heat  gain  (high  velo- 
city) 

Structural  collapse 

Interference  with  function 

Loss  of  mechanical  strength 

Mechanical  Interference  and  clogging 

Abrasion  accelerated 

Accelerated  low- temperature  effects 

Accelerated  high- temperature  effects 

Rain 

Physical  stress 

Water,  absorption  and 
Imnorslon 

Structural  collapse 
Increase  In  weight 
Structural  weakening 
Accelerates  cooling 
Electrical  failure 
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TABLE  3-3  (Continued). 

SUMMARY  OF  MAJOR  ENVIRONMENTAL  EFFECTS  (Rel.  2) 


Environmental 

factors 

Principal  effacts 

Typical  failures  Induced 

Rain  (coot) 

Erosion 

Ramovas  protective  coatings 
Structural  weakening 
Surface  datarloratlon 

Corrosion 

Enhancas  chamlcal  reactions 

Hater  Immersion 

Corrosion  of  metals 

Structural  waaknasa,  salzura  of 
parts,  contamination  of  products 

Chemical  datarloratlon 

Dissolving  out  and  changing  of 
mstarlais 

High  prasturts 
(13  lb  at  30-ft 
dapth) 

Machanlcal  damage 

Insacts  and  bactarla 

Panatratlon  Into  equip- 
ment 

Blockage  of  small  parts,  maters, 
etc. 

Nibbling  by  termites 

Damage  to  plastic  cables  or  other 
organic  Insulating  materials, 
causing  shorts 

Fungi 

Growth  of  molds,  hyphaa 

Damage  to  optical  equipment;  leak- 
age paths  In  high  Impedance  cir- 
cuits; blockage  of  small  parts, 
meters,  etc.;  breakdown  of  mechan- 
ical strangth  of  all  organic  ma- 
terials 

Temperature  shock 

Machanlcal  strass 

Structural  collapse  or  weakening 
Seal  damage 

1 

High  apaad  par- 
tlclas  (nu- 
cl aar  Irrad- 
iation) 

Heating 

Transmutation  and 
Ionization 

Thermal  aging 
Oxidation 

Alteration  of  chwnlcal,  physical, 
and  electrical  properties 

Production  of  gases  and  secondary 
particles 

Ozone 

Chamlcal  raaetlons: 

Rapid  oxidation 

Crazing,  cracking 

Alteration  of  chemical,  physical, 
and  electrical  properties 

Embrlttlamant 

Loss  of  mechanical  strength 

Granulation 

Interference  with  function 

Raducad  dlalactrlc 
strangth  of  air 

Insulation  breakdown  and  arc-over 

Explosive 

decompression 

Severe  machanlcal 
strata 

Rupture  and  cracking 

Structural  collapse 

< 
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TABLE  3-3  iContimaad). 

SUMMARY  OF  ENVIRONMENTAL  EFFECTS  (Rtf.  2) 


Environmental 

factor* 

Principal  effects 

Typical  failures  Induced 

Dissociated  gam 

Chemical  reaction*} 

Contamination 

Reduced  dielectric 
strength 

Alteration  of  physical  and  electrical 
properties 

Insulation  breakdown  and  uncover 

Acceleration 

Mechenltal  stress 

Structural  collapse 

Vibration 

Mechanical  stress 

Loti  of  mechanical  strength 
Interference  with  function 
Increased  wear 
Structural  cull  apse 

Magnetic  flald* 

Induced  magnetisation 

Interference  with  function 
Alteration  of  electrical  properties 
Induced  heating 

Because  of  their  high  activity,  free  acids 
and  bases  are  rarely  encountered  in  the 
natural  environment.  An  important  excep- 
tion, however,  is  the  high  acid  concentration 
in  some  atmospheric  pollutants  found  in 
industrial  emissions.  Sulfur  dioxide  and 
carbon  dioxide  in  the  air  form  sulfurous  acid 
and  carbonic  acid  in  the  presence  of  water 
vupor. 


r 


Electrochemical  (or  galvanic)  processes 
account  for  more  destruction  of  metals  than 
any  of  the  oiher  forms  of  corrosion,  The 
deterioration  process  operates  in  the  follow- 
ing manner.  When  two  dissimilar  metals  are 
in  contact  and  reposed  to  an  electrolyte,  a 
galvanic  cel!  is  formed  and  current  flows. 
The  rate  of  current  flow  depends  on  the 
potential  difference,  which  in  turn  depends 
on  the  electrochemical  dissimilarity  of  the 
metals.  Table  3-4  gives  the  relative  electro- 
motive potential  of  various  metals. 


Galvanic  action  cuuses  the  progressive 
corrosion  of  the  more  positive  of  <he  two 
metals  forming  the  cell,  with  the  action 
continuing  as  long  as  an  electrolyte  is 
present.  Sufficient  differences  usually  exist 
between  adjacent  crystuls  of  a metal  for  this 
action  to  take  place,  even  on  an  apparently 
homogeneous  metal,  but.  when  different 
metals  such  as  aluminum  and  steel  are 
coupled,  the  potential  difference  is  greater 
und  the  corrosion  is  accelerated. 


At  low  temperatures  most  metals  undergo 
transient  ehunges  in  properties  that  make 
them  susceptible  to  failure  In  ureas  of  high 
stress  concentration.  At  low  temperatures, 
metals  become  stronger  und  stiffer  but  also 
more  brittle  and  subject  to  fiaeture  us  a 
result  of  suddenly  applied  loads  This 
low-temperature,  brill  lo-fr.ietum  phenome- 
non can  occur  in  some  metals  at  tempera- 
tures as  high  as  32°F. 


i 
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TABLE  3-4. 

ELECTROCHEMICAL  SERIES  <R«f  3) 


3-4.2  WOOD  AND  CELLULOSIC  PROD- 
UCTS 


Anodic  (Potltlv)  End 
Lithium 


Rubidium 

Potassium 

Calcium 

Sodium 

Strontium 

Barium 

Magnesium 

Baryl  Hum 

Aluminum 

Manganose 

Zinc 


Wood  and  cellulosic  products  are  subject 
to  deterioration  by  the  factors  of  climate, 
physical  forces,  chemical  agents,  and  biologi- 
cal agents.  The  latter,  microbes  and  insects, 
are  without  doubt  the  prime  cause  of  failure 
in  wood  and  wood  products.  Wood  in 
contact  with  the  ground  is  susceptible  to 
fungi  and  molds  narticularly  in  a moist  and 
warm  environment.  Most  such  organisms 
cause  decay  and  drastically  reduce  the 
structural  strength  of  wood,  whereas  others 
do  not  damage  the  wood  but  quickly 
deteriorate  certain  plywood  glues.  Under 
humid  conditions  fungi  and  molds  can  stain 
wood  in  a few  days  even  if  the  wood  is 
supported  off  the  ground,  and  can  eventual- 
ly cause  decay. 


Chromium 

Gadolinium 

Iron  ( F«++) 

Cadmium 

Indium 

Tallurlum 

Cobalt 

Nlckal 

Tin 

Laad 

Iron  ( F«+++) 

Hydrogan 

Antimony 

Bismuth 

Arsenic 

Copper 

Iodine 

Silver 

Palladium 

Mercury 

Platinum 


▼ 

(neutral ) 


Gold 


Cathodic  (Negative)  End 


Wood  in  contact  with  the  ground  is  also 
subject  to  attack  by  many  insects,  in 
particular  termites  and  powder  post  beetles. 
Wood  supported  above  the  ground  and  kept 
dry  is  subject  to  attack  by  these  insects  to  a 
much  lesser  degree.  In  the  case  of  wood 
supported  above  ground,  the  subterranean 
termites  have  to  build  tubes  up  from  the 
ground  to  reach  the  wood.  Insect  damage  to 
crates  supported  above  the  ground  is  due 
primarily  to  powder  post  beetles  and 
drywood  termites. 

Abrasion,  weathering,  and  high  tempera- 
tures also  cause  deterioration  of  wood 
products.  Abrasion  occurs  during  shipment 
and  handling.  Long  exposure  to  high  temper- 
atures causes  gradual  loss  of  strength,  the 
rate  of  loss  increasing  with  temperature. 
Similar  results  occur  when  unfinished  wood 
is  exposed  to  the  weather  for  any  extended 
period  of  time.  Alternate  periods  of  rainfall 
and  hot,  dry  weather  produce  cracks,  splits, 
and  general  erosion  of  wood,  eventually 
resulting  in  loss  of  structural  properties.  In 
extreme  conditions  where  long  life  must  be 
assured,  wood  products  should  be  protected 
from  the  elements. 

Wood  products  are  readily  destroyed  by 
chemical  concentrations  and  industrial  waste. 
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For  a discussion  of  the  various  effects  of 
different  types  of  chemicals  on  some 
common  woods,  the  reader  is  referred  to 
Ref.  4. 

Cellulosic  paper  products  are  subject  to 
the  same  deteriorating  agents  that  affect 
wood.  When  ordinary  paper  becomes  wet,  It 
loses  its  structural  strength  because  the 
moisture  dissolves  and  softens  the  gelatinous 
binder  that  holds  the  fibers  together.  Wet 
strength  papers  are  available  where  this  is  a 
problem. 

Under  proper  conditions  of  moisture  and 
warmth,  microbiological  attack  of  paper, 
paperboard,  and  fiberboard  can  be  severe. 
Mildew,  bacteria,  and  fungi  are  the  chief 
offenders.  Some  microbes  merely  deface  or 
stain  paper,  but  serious  damage  occurs  when 
the  cellulose  content  of  paper  is  consumed. 

Insects  damage  paper  because  they  use  it 
us  a food.  Termites  consume  paper  for  its 
prime  structural  component,  cellulose.  Silver- 
fish,  on  the  other  hand,  destroy  paper  by 
eating  the  starchy  materials,  such  us  glue  and 
sizing.  Cockrouches  feed  on  many  materials, 
eating  both  bindings  and  paper.  The  cellu- 
lose-eating insects  (termites  and  cockroaches) 
will  attack  sheetboard,  pasteboard,  composi- 
tion board,  fiberboard,  labels,  paper  boxes, 
insulating  paper,  and  tar  paper. 

Rodents  damage  paper  products  while 
gnawing  in  their  search  for  food,  Since  the 
paper  particles  are  not  swallowed,  toxic 
agents  on  the  paper  are  useless,  The  most 
effective  preventive  has  been  setting  out  u 
poison  bait.  Table  3-5  describes  the  range 
and  habits  of  several  common  small  rodents. 

Continued  exposure  to  sunlight  causes 
deterioration  of  cellulose;  rate  and  severity 
are  dependent  upon  the  kind  of  cellulose 
used  in  the  paper  and  the  impurities  present 
therein.  Basically,  however,  sunlight  is  a 
minor  problem. 

Heat  'done  can  weaken  paper  by  altering 
its  chemical  structure,  but  the  main  role  of 


heat  under  normal  circumstances  is  that  of  a 
catalyst  in  decay  caused  by  microbes  and 
moisture. 

Most  chemical  deterioration  of  paper  is 
due  to  the  sulfur  dioxide  gas  present  in 
industrial  atmospheres.  Acids  formed  from 
sulfur  dioxide  attack  the  gel-like  portion  :.of 
the  fibers  but  have  a minor  effect  on  the 
cellulose  content.  Deterioration  varies  ac- 
cording to  the  type  of  paper. 

34.3  PLASTICS 

In  general,  most  plastics  have  good 
resistance  to  corrosion  and  chemical  action. 
Chemical  deterioration  of  plastics  can  result 
in  loss  of  strength,  erosion,  warpage,  crack- 
ing, and  loss  of  transparency,  Most  of  these 
physical  changes  are  caused  by  loss  of 
plasticizer.  The  acrylic  plastics  have  relative- 
ly high  resistance  to  various  chemical 
solutions.  Most  plastics  arc  not  susceptible 
to  microbiological  attack.  Generally,  because 
of  the  wide  variety  of  plustics,  a plastic  that 
will  resist  deteriorative  processes  can  be 
chosen  for  a particular  application.  For 
example,  a number  of  plastics,  c.g„  poly- 
ethylene and  Teflon,  remain  flexible  and 
retain  their  strength  at  low  temperatures 
(-30°  to  - 50°F). 

34.4  RUBBER 

Rubber  is  subject  to  deterioration  by 
chemical,  biological,  and  physical  agents 
often  working  in  concert.  The  most  serious 
cause  of  deterioration  in  rubber  is  the  ozone 
present  in  the  atmosphere.  Ozone  causes 
rubber  to  become  brittle  and  may  produce 
fissures  over  its  surface.  The  severity  of 
attack  varies  gTeatly  according  to  the  type  of 
lubber  Oxygen  has  a similar  but  much 
slower  effect.  Natural  rubbers  swell  when  in 
contact  with  liquid  hydrocarbons  such  as  oil. 
gasoline,  and  benzene.  Disintegration  or 
aging  occurs  from  prolonged  contact. 

Rubbers,  particularly  carbon-based  rub- 
bers. lose  their  flexibility  and  become  brittle 
at  low  temperatures.  Failure  by  shattering  as 
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TABLE  3-6. 

DEGRADATION  OF  RUBBER  BY  HIGH  TEMPERATURES  (Raf.  31 


Type  of  rubber 

Hiqhest  usable 
temperature 

°C 

°F 

Si 1 1 cone 

260 

500 

Polyacrylic 

177 

350 

Buna-N 

171 

340 

Neoprene 

157 

315 

Butyl 

149 

300 

Buna-S 

138 

280 

Nf*ural 

127 

260 

Ihiokol 

121 

250 

a result  of  suddenly  applied  loads  thus 
becomes  more  probable  at  low  temperatures. 
Changes  are  reversible,  however,  and  the 
material,  if  not  mechanically  damaged, 
iecovers  its  original  properties  as  tempera- 
tures return  to  normal,  At  high  temperatures 
both  natural  and  synthetic  rubbers  become 
gummy,  take  on  a permanent  set,  and 
decrease  in  tensile  strength.  Table  3-6  shows 
the  temperatures  above  which  various  types 
of  rubber  become  unusable. 

Certain  rubber  compounds  arc  susceptible 
to  microbiological  deterioration.  The  reac- 
tion is  rather  slow  and  requires  an  environ- 
ment containing  moisture  and  warmth. 
Decomposition  of  rubber  by  sunlight  is  due 
mainly  to  the  blue  and  ultraviolet  wave- 
lengths. These  rays  cause  the  rubber  to 
liberate  gases  as  the  rubber  decomposes.  The 
surface  of  rubber  undergoing  actinic  deterio- 
ration exhibits  resinification  of  the  surface 
and  an  irregular  pattern  of  very  Fine  cracks, 

3-4.6  TEXTILES 

Textiles  are  subject  to  deterioration  prin- 
cipally by  weather  and  biological  agents. 
'Iney  are  particularly  susceptible  to  destruc- 


tion by  microbes  since  some  of  the  material, 
being  of  vegetable  or  animal  origin,  serves  as 
food.  Warmth  and  wetness  facilitate  the 
development  of  a flourishing  and  diversified 
collection  of  bacteria,  fungi,  and  molds  that 
destroy  materials  of  vegetable  or  animal 
origin.  Fabrics  of  cotton,  linen,  and  some 
rayons  are  attacked  vigorously.  Microbiologi- 
cal deterioration  causes  odors,  spotting,  loss 
of  water  repellency,  loss  of  strength,  and  a 
decrease  in  flexibility.  The  growth  of 
microbes  on  textiles  invariably  is  preceded 
by  contact  with  soil  or  other  moist 
substances  that  harbor  them. 

Moisture  generally  is  considered  an  agent 
of  deterioration.  Ordinarily,  the  more  mois- 
ture available,  the  more  rapid  the  degrada- 
tion. However,  an  unusual  feature  worth 
noting  in  the  deterioration  of  textiles,  is  that 
moisture  contributes  to  the  breakdown  of 
some  textiles  (they  become  very  brittle)  by 
its  absence.  An  optimum  moisture  content  is 
required  for  the  maintenance  of  useful 
properties.  Textiles  that  have  lost  their 
properties  through  lack  of  moisture  can  be 
restored  by  exposure  to  the  proper  humid- 
ity- 
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TABLE  3-7. 

RESISTANCE  OF  FIBERS  TO  OUTDOOR  EXPOSURE  (R*f,  3) 


Fiber 

Resistance  to 
outdoor  exposure 

Viscose  rgyon 

Yellows  slightly 

Cupranmonlum 

rayon 

Good 

Acetate 

Loses  strength 
somewhat 

Nylon 

Excellent 

Vinyon  N or  Dynel 
(Uni on  Carbide) 

Excellent 

Saran  (Dow)  or 
Velon  (Firestone) 

Excellent 

Orion  (Dow)  and 
Chemstrand  (Monsanto) 

Excellent 

Dacron  (du  Pont)  or 
Terylene  (Imperial) 

Excellent 

Acrllan  (Monsanto) 

Excellent 

Glass 

Excellent 

Sunlight  is  responsible  for  most  of  the 
nonbiological  deterioration  of  textiles.  It 
changes  the  cellulose  content  of  the  textile 
fiber  by  photochemical  processes.  Certain 
dyes  reduce  the  deleterious  effects  of 
sunlight.  Deterioration  by  sunlight  some- 
times is  accelerated  by  the  effects  of  other 
climatic  elements.  Table  3-7  gives  a qualita- 
tive indication  of  the  resistance  of  various 
types  of  libers  to  outdoor  exposure. 

34.6  RATIONS 

An  important  supply  item  subject  to 
deterioration  is  food.  Problems  with  deterio- 
ration are  probably  more  severe  for  food 
than  for  any  other  single,  large-quantity 
military  item.  Food  Is  absolutely  necessary, 
is  required  in  large  quantities  on  a continu- 
ing basis,  and  is  very  difficult  to  protect 


from  deterioration  for  any  long  period  of 
time. 

The  most  serious  types  of  food  spoilage 
can  be  classified  as  chemical  and  biological. 
The  latter  includes  insect  infestation,  which 
renders  food  inedible  from  an  esthetic  point 
of  view,  and  the  growth  of  fungi  and  molds, 
which  spoil  food.  Chemical  deterioration 
Includes  a number  of  types  of  spoilages. 
Examples  of  che. ideal  spoilage  that  occur 
during  storage  of  subsistence  items  are  (Ref. 
5): 

(1)  Browning  reaction.  This  type  of 
spoilage  results  in  darkening  or  “browning” 
of  the  product,  loss  of  flavor  decrease  in 
certain  nutrients,  and  undesirable  changes  in 
taste.  The  natural  flavors  disappear  and 
off-tastes  develop.  In  addition,  undesirable 
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changes  in  texture  and  even  the  production 
of  toxic  substances  may  develop.  Some  of 
the  commodities  that  undergo  this  type  of 
deterioration  are  dried  fruits  and  vegetables, 
powdered  eggs  and  milk,  fruit  juice  concen- 
trates, certain  beverages,  jams,  jellies,  canned 
bread,  certain  canned  vegetables,  meat  items, 
and  a variety  of  other  foods. 

(2)  Fat  deterioration.  Fats  undergo 
changes  resulting  in  the  production  of 
off-odors  and  tastes,  loss  of  nutritive  value, 
and  perhaps  the  production  of  toxic  sub- 
stances. A few  items  so  affected  are  biscuits, 
cookies,  prepared  mixes,  ice  cream  powder, 
and  dried  whole  milk. 

(3)  Changes  in  texture.  Several  types  of 
chemical  changes  may  take  place  to  cause 
texture  changes.  In  dried  cranberries, 
changes  in  the  pectin  molecule  may  occur. 
In  other  cases,  the  product  may  toughen; 
e.g.,  dried  apricots  sometimes  become 
brittle. 

(4)  Color  changes.  The  natural  colors  of 
many  food  items  undergo  undesirable 
changes  during  storage.  The  reduish  pigments 
of  strawberry  jam  gradually  disappear  with 
storage.  At  the  same  time,  browning  takes 
place  with  the  result  that  the  jam  becomes 
brown  or  black  rather  than  red.  Many 
canned  items  such  as  berries,  prunes,  and 
beets  undergo  color  changes  during  adverse 
storage  conditions. 

(5)  Stating  reaction.  The  mechanism  of 
this  reaction  is  not  well  understood  but  it 
results  in  an  undesirable  change  in  the 
texture  of  Items  such  as  canned  bread. 

(6)  Vitamin  changes.  Frequently,  a grad- 
ual loss  of  vitamins  occurs  during  storage. 
This  is  true  in  practically  all  foods  that  have 
been  studied. 

All  foods,  except  salt  and  perhaps  sugar, 
are  perishable.  Consequently,  regardless  of 
how  fresh  a food  may  be,  it  can  be  ruined 
by  improper  storage  and  handling.  Large 
amounts  of  research  have  shown  conclusively 


that  temperature  is  generally  the  most 
important  single  factor  influencing  the  life 
of  food  items. 

3-6  EFFECTS  ON  PERSONNEL 

In  addition  to  affecting  materiel,  the 
environment  also  affects  man.  Although  this 
handbook  Is  oriented  toward  effects  on 
materiel,  when  personnel  are  affected  by 
environmental  factors,  the  result  is  usually 
that  new  or  modified  materiel  requirements 
are  created.  The  design  engineer  must  be 
alert  and  knowledgeable  with  respect  to  such 
requirements.  In  the  discussion  of  visibility 
and  mobility  effects,  it  is  pointed  out  that 
when  man  is  the  operator  of  materiel  that 
requires  use  of  vision  for  successful  opera- 
tion, a variety  of  environmental  factors  can 
hamper  his  operational  effectiveness  and  in 
turn  the  operational  effectiveness  of  the 
materiel  operated  by  man;  e.g,,  night  vision 
equipment  was  developed  to  partially  re- 
move visibility  limitations  imposed  by  dark- 
ness. 

In  any  discussion  of  man  in  the  opera- 
tional environment,  it  is  important  to  make 
the  distinction  between  discomfort  and 
impairment  of  function.  Many  circumstances 
in  the  operational  environment  cause  dis- 
comfort to  man,  yet  in  most  cases  he  is  able 
to  remain  operationally  effective.  Discomfort 
factors  include  temperature,  both  cool  and 
hot;  high  and  excessively  low  humidities; 
solar  radiation;  rain  and  solid  precipitunts; 
maciobiological  organisms;  and,  particularly, 
the  biting  and  stinging  insects.  Experience 
has  demonstrated  that,  except  in  unusual 
circumstances,  microbiological  factors  cause 
little  problem  in  the  operational  environ- 
ment. A certain  percentage  of  personnel  is 
on  sick  call,  virtually  independent  of  the 
circumstances.  Pollutants  and  sand  and  dust 
in  the  atmosphere  can  cause  discomfort  to 
the  individual  as  well  as  impairment  of  visual 
function. 

Impairment  of  personnel  performance  can 
be  produced  by  several  environmental  fac- 
tors, including  electromagnetic  radiation, 
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TABLE  3-8. 

EXPECTED  SHORT-TERM  EFFECTS  FROM  ACUTE  WHOLE-BODY  NUCLEAR  RADIATION  (R*f.  6) 


Dose  In  rads 

Probable  effect 

10-50 

No  obvious  effect,  except,  probably,  minor  blood  changes. 

50-100 

Vomiting  and  nausea  for  about  1 day  In  5 to  10%  of  exposed 
personnel.  Fatigue,  but  no  serious  disability.  Transient 
reduction  In  lymphocytes  and  neutrophils. 

100-200 

Vomiting  and  nausea  for  about  1 day,  followed  by  other 
symptoms  of  radiation  sickness  In  about  25  to  50%  of 
personnel.  No  deaths  anticipated.  A reduction  of 
approximately  50 * In  lymphocytes  and  neutrophils  will 
occur. 

200-350 

Vomiting  and  nausea  In  nearly  all  personnel  on  first  day, 
followed  by  other  symptoms  of  radiation  sickness;  e.g., 
loss  of  appetite,  diarrhea,  minor  hemorrhage.  About  20% 
deaths  within  2 to  6 wk  after  exposure;  survivors  conva- 
lescent for  about  3 mo,  although  many  have  second  wave 
of  symptoms  at  about  3 wk.  Up  to  75%  reduction  In  all 
circulating  blood  elements. 

350-550 

Vomiting  and  nausea  In  most  personnel  on  first  day, 
followed  by  other  symptoms  of  radiation  sickness;  e.g., 
fever,  hemorrhage,  diarrhea,  emaciation.  About  501! 
deaths  within  1 mo;  survivors  convalescent  for  about 

6 IDO. 

550-750 

Vomiting  and  nausea,  or  at  least  nausea,  In  all  personnel 
within  4 hr  from  exposure,  followed  by  severe  symptoms 
of  radiation  sickness,  as  above.  Up  to  100X  deaths; 
the  few  survives  convalesce  for  about  6 mo. 

1,000 

Vomiting  and  nausea  In  all  personnel  within  1 to  2 hr. 
All  dead  within  days. 

5,000 

Incapacitation  almost  immediately  (minutes  to  hours). 
All  personnel  will  be  fatalities  within  1 wk. 

terrain  and  precipitation,  shock  and  vibra- 
tion, and  acoustic  energy,  plus  the  visibility 
impairment  factors  already  discussed.  Elec- 
tromagnetic and  nuclear  radiation  effects  are 
sufficiently  slow  acting  for  nominal  expo- 
sures that  personnel  so  exposed  are  not 


impaired  in  operational  effectiveness.  The 
effects  of  long-term  exposure  to  nominal 
doses  have  not  been  completely  determined, 
Table  3-8  presents  expected  short-term 
effects  from  acute  whole-body  exposure  to 
high-energy  nuclear  radiation, 
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DECELERATION  ■ DISTANCE 
Figure  3-1,  Impact  Documentation  (Ref,  6) 


Personnel,  particularly  individual  foot 
soldiers,  ure  fueed  with  the  same  mobility 
problems  involving  terrain  and  precipitation 
as  ulready  have  been  discussed  with  respect 
to  materiel.  Rugged  mountainous  terrain, 
certain  terrain  coverings  such  us  ice,  snow, 
and  vegetation,  and  sandy  or  swampy  ureas 
significantly  reduce  the  mobility  of  the 
individual  soldier.  Shock,  vibration,  and 
acceleration  can  affect  the  performance  of 
personnel,  particularly  in  those  tusks  thut 
require  hand-eye  coordination,  and  can,  if 
sufficiently  severe,  cuuse  injury  and  death  to 
personnel.  Fig.  3-1  indicates  survival  limits 
and  the  ranges  of  selected  typical  events. 
Velocity  and  deceleration  distance  ure  shown 


on  common  axes,  with  magnitude  of  force 
and  deceleration  time  shown  on  secondary 
scales.  Hollow  squares  mark  selected,  well- 
documented,  free-fall  survivals  for  which 
impuct  forces  have  been  calculated.  Acoustic 
levels  of  significantly  high  magnitude  can 
produce  interference  with  mentul  processes 
so  that  concentration  is  interrupted,  while, 
at  very  high  levels,  hearing  impairment  can 
occur.  Tuble  3-9  presents  human  responses 
to  noise  exposure. 

The  effects  of  temperature  on  human 
performance  are  not  understood  completely, 
but  it  is  known  that  temperuture  extremes 
are  detrimental  to  work  efficiency.  As 
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TABLE  3-10. 

TOLERABLE  LIMITS  OF  TEMPERATURE  (Rtf.  2) 


Condition 


Temperature,  ®F 


Comfort  zone, 
summer 

Comfort  zone, 
winter,  light 
work 

Comfort  zone, 
winter,  heavy 
work 

Physiological 
limits,  at  rest, 
heat 


Physiological 
limits,  at  rest, 
cold 

Physical  stiff- 
ness of  extrem- 
ities begins 

Physical  fatigue 
begins 

Mental  activi- 
ties and  com- 
plex perform- 
ance begins 
to  deteriorate 


56  to  75 


63  to  71 


55  to  60 


156  for  30  min  at  10%  humidity 
107  for  30  min  at  90%  humidity 
500  for  2 min,  air  absolutely  dry 
200  for  35  min,  air  absolutely  dry 
122  for  120  min,  air  absolutely  dry 

38  for  5 hr  at  3 mph  al rspeed 
44  for  4 hr  at  9 mph  airspeed 


50  and  under 


75  and  over 


85  and  over 


temperature  increases  above  the  comfort 
zone,  mental  processes  slow  down,  motor 
response  is  slower,  and  error  likelihood 
increases.  As  the  temperature  is  lowered, 
physical  fatigue  and  stiffening  of  the  ex- 
tremities begin.  The  tolerable  limits  of  heat 
and  cold  for  normally  clothed  personnel  are 
given  in  Table  3-10.  The  heat  factor  is 
probably  the  most  important  fact  in  reduc- 


ing the  operational  efficiency  of  personnel. 
Between  86°  and  95°F,  the  errors  made  by 
personnel  as  u result  of  temperuture  begin  to 
increase  precipitously.  Errors  are  also  u 
function  of  humidity  with  fewer  errors 
occurring  in  dry  air  than  in  humid  air. 
Incapacition  can  also  occur  us  a result  of 
heat.  Table  3-1 1 classifies  these  incapacitat- 
ing effects. 
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Numbers  on  curves  represent  windchill  In 
kg-cal  a “2  hr”2. 

Figure  3 2.  Windchill  Chart  (Rat  2) 


In  cold  regions,  in  spite  of  the  best  arctic 
clothing,  it  has  been  found  that  personal 
suffering  increases  rapidly  as  the  temperature 
drops  betow~IO°F.  Personnel  may  need  all 
of  their  energy  to  use  tools  of  any  kind  in 
the  open.  Without  shelter  and  heat,  most 
adjustments  are  impossible,  and  with  heavy 
gloves  worn  out  in  the  open,  even  the  simple 
task  of  removing  or  inserting  screws  becomes 
extremely  difficult. 

A properly  dressed  worker  can  perform 
tasks  at  temperatures  between  32°  and  0°  F 
for  30  min  without  interference  from  the 
cold  itself.  Fig.  3-2  is  a windchill  chart  that 
can  be  used  as  a guide  to  the  severity  of 
exposure  conditions  for  personnel  who  are 
appropriately  dressed  and  not  wearing 
heated  garments.  For  more  detailed  discus- 
sion of  the  effects  of  individual  environ- 
mental factors  on  personnel,  the  reader  is 
referred  to  the  appropriate  chapters  of  Parts 
Two  and  Three  of  this  Environmental  Series. 


3-6  SINGLE-FACTOR  ENVIRONMENTAL 
ANALYSIS 

One  approach  to  analysis  of  the  effects  of 
environment  on  materiel  has  been  to  con- 
sider the  effect  of  individual  environmental 
factors  separately.  To  illustrate  this  single- 
factor analysis  method  and  its  application, 
an  example  is  given  in  Table  3-12.  In  this 
table,  effects  of  individual  environmental 
factors  are  given.  The  environmental  factors 
so  tabulated  are  vibration,  shock,  tempera- 
ture, humidity,  and  salt  spray. 


3-7  TWO- FACTOR  ENVIRONMENTAL 
COMBINATIONS 

Environmental  factors  do  not  occur  in- 
dividually in  any  actual  environment.  In- 
herent properties  of  the  atmosphere,  such  as 
temperature,  humidity,  and  pressure,  are 
present  at  all  times  and  interact  with  each 
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other  as  well  as  with  other  factors  that  may 
be  present.  As  a result,  when  the  effects  of 
environment  on  materiel  are  to  be  con- 
sidered, the  manner  in  which  each  environ- 
mental factor  alters  the  effects  of  the  others 
must  he  taken  into  account.  One  of  the 
easier  ways  to  analyze  combinations  of 
environmental  factors  is  to  examine  environ- 
mental pairs'.  Some  combinations  of  natural 
environmental  factors  and  the  manner  in 
which  each  combination  may  Intensify, 
neutralize,  or  add  nothing  to  the  effects  of 
the  individual  factors  are  listed  as  follows 
(Refs.  2,7): 

(1)  High  temperature  and  humidity.  High 
temperature  tends  to  increase  the  rate  of 
moisture  penettation.  The  general  deteriora- 
tion effects  of  humidity  are  increased  by 
high  temperatures. 

(2)  High  temperature  and  low  pressure 
These  environmental  factors  produce  effects 
that  are  dependent  on  each  factor.  For 
example*,  as  pressure  decreases,  outgassing  of 
constituents  of  materials  increases,  and,  us 
temperature  inc;euses,  the  rate  of  outgassing 
ii  creases.  As  a result  hath  factors  together 
tend  to  Intensify  the  rate  of  outgassing. 

(3)  High  temperature  and  solar  radiation. 
This  is  u natural  combination  that  causes 
increasing  effects  on  organic  materials. 

(4)  High  temperature  and  salt  spray.  High 
temperature  tends  to  increase  the  rate  of 
corrosion  caused  by  salt  spray. 

(5)  High  temperature  and  fungi.  A tem- 
perature of  70UF  is  necessary  for  most,  fungi 
to  flourish,  but  above  lbO°F  they  eunnot 
develop.  As  a result  of  this  temperature 
dependence,  unless  a proper  range  of 
temperature  is  present,  fungi  do  not  grow, 

(6)  High  temperature  and  sand  and  dust. 
The  erosion  rate  of  windblown  sand  and 
dust  may  be  accelerated  by  high  tempera- 
ture. However,  high  temperatures  reduce 
sand  and  dust  penetration. 


(7)  High  temperature  and  ozone.  Starting 
at  about  300°F,  ozone  concentrations  de- 
crease with  increasing  temperatures.  Above 
about  520°F,  ozone  cannot  exist  at  pres- 
sures normally  encountered.  For  normal 
climatic  teinpciaturcs,  reduction  of  ozone  is 
thus  unaffected.  High  temperature  increases 
chemical  reaction  rates,  thus  increasing 
reaction  rates  of  ozone  up  to  30O°F. 

(8)  Low  temperature  and  shock  and 
vibration.  Low  temperature  tends  to  inten- 
sify the  effects  of  shock  and  vibration, 
However,  it  is  a significant  consideration 
only  at  very  low  temperatures. 

(9)  Low  temperature  and  acceleration. 
This  combination  produces  the  same  effect 
as  low  temperature  and  shock  and  vibration. 

(10)  Low  temperature  and  explosive 
atmosphere.  Temperature  lias  very  little 
effect  on  the  Ignition  of  an  explosive 
atmosphere.  It  does,  however,  affect  the 
uir-vapor  ratio,  which  is  an  important 
consideration. 

(11)  Low  temperature  and  humidity. 
Humidity  decreases  with  temperature,  but 
low  temperature  induces  moisture  condensa 
tion,  and,  if  the  temperature  is  low  enough, 
frost  or  ice  occurs. 

(12)  Low  temperature  and  low  pressure. 
This  combination  cun  accelerate  leakage 
through  seals. 

(13)  Low  temperature  and  salt  spray. 
Low  temperature  reduces  the  corrosion  rate 
of  salt  spray. 

(14)  Low  temperature  and  solar  radiation. 
Low  temperature  will  tend  to  reduce  the 
effects  of  solar  radiation  and  vice  versa. 

(15)  Low  temperature  and  sand  and  dust. 
Low  tenipe  ature  increases  dust  penetration. 

(16)  Low  temperature  and  J'ungl.  Low 
temperature  reduces  fungous  growth.  At 
subzero  temperatures,  fungi  will  remain  in 
suspended  animation. 
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(17)  Low  temperatures  and  ozone.  Ozone 
effects  are  reduced  at  lower  temperatures, 
but  ozone  concentration  increases  with 
lower  temperatures. 

(18)  High  humidity  and  low  pressure. 
Humidity  increases  the  effects  of  low 
pressure,  particularly  in  relation  to  electronic 
or  electrical  equipment.  However,  the  actual 
effectiveness  of  this  combination  is  deter- 
mined largely  by  the  temperature  of  the 
environment. 

(19)  High  humidity  and  salt  spray.  High 
humidity  may  dilute  the  salt  concentration, 
but  it  has  no  other  bearing  on  the  corrosive 
action  of  the  salt. 

(20)  High  humidity  and  fungi.  High 
humidity  helps  the  growth  of  fungi. 

(21)  High  humidity  and  sand  and  dust. 
Sand  and  dust  have  a natural  affinity  for 
wuter,  so  this  combination  increases  deterio- 
ration, but  the  incidence  of  windblown  sand 
and  dust  is  low  at  high  humidity. 

(22)  High  humidity  and  solar  radiation. 
Humidity  intensifies  the  deteriorating  effects 
of  solar  radiation  on  organic  materials. 

(23)  High  humidity  and  ozone.  Ozone 
reacts  with  moisture  to  form  hydrogen 
peroxide,  which  has  a greuter  deteriorating 
effect  on  plustics  and  elastomers  than  the 
additive  effects  of  moisture  and  ozone  alone. 

(24)  High  humidity  and  vibration.  This 
combination  tends  to  increase  the  rute  of 
breakdown  of  electrical  materiel. 

(25)  High  humidity  and  shock  and  accel- 
eration. The  periods  of  shock  and  accelera- 
tion are  considered  too  short  for  these 
environments  to  be  affected  by  humidity. 

(26)  High  humidity  and  explosive  atmo- 
sphere. Humidity  has  no  effect  on  the 
ignition  of  an  explosive  atmosphere,  but  a 
high  humidity  will  reduce  the  pressure  of  an 
explosion. 


(27)  Low  pressure  and  salt  spray.  This 
combination  is  not  expected  to  occur. 

(28)  Low  pressure  and  fungi.  This  com- 
bination adds  nothing  to  the  overall  effects. 

(29)  Low  pressure  and  sand  and  dust. 
This  combination  can  occur  only  in  extreme 
storms,  during  which  small  dust  particles  are 
carried  to  high  altitudes. 

(30)  Low  pressure  and  vibration.  This 
combination  intensifies  effects  in  all  equip- 
ment categories,  but  mostly  with  electronic 
and  electrical  equipment. 

(31 ) Low  pressure  and  shock  or  accelera- 
tion. These  combinations  become  important 
only  at  the  extreme  environmental  levels,  in 
combination  with  high  temperature. 

(32)  Low  pressure  and  explosive  atmo- 
sphere. At  low  pressures,  an  electrical 
discharge  is  easier  to  develop,  but  the 
explosive  atmosphere  is  harder  to  ignite. 

(33)  Salt  spray  and  fungi.  This  Is  con- 
sidered an  incompatible  combination. 

(34)  Salt  spray  and  sand  and  dust.  This 
will  have  the  same  combined  effect  us 
humidity  and  sund  and  dust. 

(35)  Salt  spray  and  vibration.  This  will 
have  the  same  combined  effect  as  humidity 
and  vibration. 

(36)  Salt  spray  and  shock  or  acceleration. 
These  combinations  will  produce  no  added 
effects, 

(37)  Salt  spray  and  explosive  atmosphere. 
This  is  considered  an  incompatible  combina- 
tion. 

(38)  Salt  spray  and  ozone.  These  environ- 
ments have  the  same  combined  effect  as 
humidity  and  ozone. 

(39)  Solar  radiation  and  vibration.  Under 
vibration  conditions,  solur  radiation  deterio- 
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(46)  Sand  and  dust  and  vibration.  Vibra- 
tion may  increase  the  wearing  effects  of 
sand  and  dust. 

(47)  Shock  and  vibration.  This  combina- 
tion produces  no  added  effects. 

(4H)  Vibration  and  acceleration,  This 
combination  produces  increased  effects  when 
accompanied  by  high  temperatures  und  low 
pressures  in  the  extreme  environment  ranges. 

Terrain  Is  u very  Important  fuctor  in  the 
surface  transportation  of  materiel  since  it 
affects  mobility.  Difficult  terruin,  when 
combined  with  certain  climatic  factors  (such 
as  high  wind,  heavy  snow,  ice.  blowing  sand 
and  dust,  rain,  and/or  fog),  effectively  cun 
reduce  mobility  to  zero.  Titus,  the  inter- 
action or  combination  of  particular  types  of 
terrain  in  concert  with  various  climatic 


factors  can  have  a very  significant  effect  on 
mobility. 

Because  of  their  interlocking  nature, 
extreme  values  of  some  factors  (e.g„  humidi- 
ty und  ruin;  pressure  gradient  und  wind; 
wind  und  blowing  dust,  sand,  or  snow;  solar 
radiution  und  temperature)  ure  likely  to 
occur  simultaneously  (Ref.  8).  Conversely,  in 
most  combinations,  the  extremes  of  one 
factor  do  not  occur  together  with  the 
extremes  of  another.  Table  3-13  summuriz.es 
the  qualitative  relationships  between  pairs  of 
environmental  factors. 

The  illustrations  given  in  these  paragraphs 
jre  not  intended  to  be  complete  in  scope 
but  ure  included  to  remind  the  reader  of  the 
complexity  of  the  operational  environment 
und  to  promote  the  use  of  caution  in 
arriving  at  environmental  decisions  bused  on 
the  consideration  of  individual  environ- 
mental factors  separately. 
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Chapter  4 

OPERATIONAL  ENVIRONMENT 


4-1  INTRODUCTION 

The  operational  environment  of  the  Army 
potentially  encompaiaea  all  regioni  of  the 
earth  (except  for  Antarctica  which  ia 
excluded  by  international  treaty).  To  de- 
scribe this  environment  in  terms  of  climate 
or  geography  would  not  be  accurate  since 
major  determinants  of  the  environment  are 
the  unique  operational  and  materiel  require- 
ments of  a military  activity.  In  fact, 
descriptions  of  climate  and  geography  are 
available  in  other  chapters  of  this  handbook 
and  in  other  handbooks  in  the  Environ- 
mental Series,  fhe  operational  environment 
is  described  in  many  documents-histories  of 
war,  Army  analyses  of  past  operations,  and 
detailed  descriptions  of  performance  of 
specific  materiel  types.  In  this  chapter,  the 
approach  is  to  describe  the  operational 
environment  in  terms  of  such  experience- 
gained  both  in  actual  military  operations  and 
in  field  test  exercises-wherein  the  complex 
environment  is  created  by  interactions  of 
personnel,  materiel,  climate,  terrain,  and 
operations.  This  description  is  not  coherent 
since  the  operational  environment  is  always 
changing-personnel  are  better  trained;  each 
new  generation  of  materiel  is  different;  the 
location  of  operations  changes;  and  opera- 
tions are  greatly  modified.  Each  individual 
experience  gained  on  the  operational  en- 
vironment contributes  to  an  improved  capa- 
bility in  future  operations,  if  that  experience 
is  used.  This  chapter,  which  describes  the 
operational  environment,  is  directed  tv  ward 
increased  use  of  such  experience  by  design 
engineers. 

Environmental  effects  on  materiel  are 
extremely  important  in  Army  operations. 


Although  insufficient  data  are  available  to 
quantify  the  importance  of  environmental 
effects  in  the  operational  environment,  it  is 
amply  demonstrated  by  Army  experience 
that: 

(1)  A large  percentage  of'  operational 
failures  are  caused  by  environmental  ef- 
fccts-more  than  result  from  direct  military 
action  by  an  enemy;  and 

(2)  Materiel  impairment  wherein  capabili- 
ties are  decreased  in  effectiveness  constitutes 
a second  large  category  of  environmental 
effects-these  effects  are  countered  by  in- 
creased resupply  and  maintenance  or  by 
accepting  lower  levels  of  capability. 


The  history  of  warfare  ii  replete  with 
examples  of  military  catastrophes  caused  by 
the  environment.  Usually,  these  were  a 
direct  result  of  materiel  and  personnel  not 
properly  prepared  to  fight  under  the  en- 
vironmental conditions  encountered.  Russia’s 
victory  over  the  German  Army  in  World  War 
II  is  credited  to  the  German  Army’s  lack  of 
mobility  in  the  Russian  winter.  The  same 
winter  environment  played  a major  role  in 
the  defeat  of  Napoleon  on  the  Russian 
front.  One  example  of  the  difficulty  experi- 
enced by  Germany  in  coping  with  the  severe 
environment  of  the  Russian  winter  involved 
their  JU-87B  dive  bombers.  In  the  extreme 
cold  of  the  Russian  winter,  the  engines  of 
these  bombers  could  not  be  started,  causing 
loss  of  air  support.  The  German  designers 
provided  an  engine  heater  to  solve  these 
problems,  but  often  the  heater  itself  could 
not  be  started  in  the  cold  of  the  Russian 
winter  (Ref.  1). 
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The  military  operations  involving  the 
United  States  (in  Southeast  Asia)  have 
provided  other  examples  of  operational 
problems  resulting  from  the  environment. 
Some  typical  examples  are: 

(1)  When  modem,  large  electronic  equip- 
ment was  installed  near  Saigon,  the  weight 
of  the  equipment  caused  the  floor  of  a new 
building  housing  the  equipment  to  sink  into 
the  marshy  earth  (Ref.  2). 

(2)  In  the  central  highlands  of  Vietnam, 
man-packed,  short-range  voice  radios  were 
ineffective  because  the  dense  jungle  under- 
growth absorbed  the  transmitted  energy 
(Ref.  2). 

(3)  Two  ammunition  companies  and  one 
quartermaster  field  depot  company  were 
deployed  in  Vietnam  with  a large  number  of 
commercial  forklifts.  The  terrain  and  climate 
were  such  that  the  forklifts  were  inoperable 
for  approximately  one-half  of  each  year 
(Ref.  3). 

(4)  Nonperishable  canned  subsistence 
items  shipped  to  Japan  in  the  early  stages  of 
the  Vietnam  buildup  were  stored  in  the 
open  in  commercial  cardboard  boxes.  The 
cartons  soon  disintegrated  and  the  cans 
rusted,  causing  the  food  to  be  wasted  (Ref. 
3). 

(5)  Vehicle-mounted  electronic  communi- 
cations equipment  in  Vietnam  was  parked  at 
communication  sites  and  interconnected  to 
power  and  signal  cables  for  extended  periods 
of  time.  The  brakes  and  drive  trains  of  the 
vehicles  frequently  rusted  and  became 
frozen. 

(6)  During  the  dry  season  in  Vietnam, 
sand  and  dust  caused  major  problems  by 
clogging  ventilating  ducts,  causing  wear  on 
rotating  parts,  and  producing  erratic  mal- 
functions of  switches  and  relay  contacts. 

(7)  A more  unusual  environmental  effect 
occurred  during  the  Gulf  of  Tonkin  Incident 
in  August  1964.  During  this  time,  the 
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long-distance,  high  frequency  radio  links 
between  Saigon  and  Washington  were 
hampered  by  severe  sunspot  activity  (Ref. 
2). 

This  list  of  environmental  influences  could 
be  continued  indefinitely,  varying  in  signifi- 
cance from  almost  trivial  effects  to  major 
losses  of  materiel.  In  spite  of  these  countless 
examples,  the  environment  affects  military 
operations  in  only  two  basic  ways. 

First,  the  environment  produces  direct 
and  immediate  effects  on  the  success  of  an 
operation  or  the  ability  of  a military  force 
to  carry  out  an  operation.  Most  military 
operations  are  relatively  large-scale  affairs 
involving  large  numbers  of  men  and  materiel. 
Therefore,  in  order  to  have  any  significant 
effect  on  an  operation,  the  environment 
must  simultaneously  (i.e.,  In  a relatively 
short  span  of  time  with  respect  to  duration 
of  the  operutlon)  affect  a significant  portion 
of  a particular  type  of  materiel.  In  addition, 
that  materiel  type  must  be  vital  to  the 
success  of  the  operation.  This  class  of  effects 
is  labeled  “impairment  of  operation  execu- 
tion" in  this  chapter. 

Second,  exposure  to  the  environment  over 
a long  period  of  time  can  affect  military 
materiel.  Such  effects  are  generally  of  little 
significance  within  the  time  scale  of  any 
given  operation.  They  arc  important,  how- 
ever, in  that  they  affect  the  operational 
readiness  of  materiel.  Materiel  that  has 
severely  deteriorated,  either  in  the  logistic 
phase  or  as  a result  of  inaction  or  storage 
after  having  been  delivered  to  operational 
units,  cannot  be  mobilized  for  the  execution 
or  support  of  an  operation.  If  I or  2 percent 
of  the  materiel  of  a given  type  fails  as  a 
result  of  the  action  of  long-term  (long-act- 
ing) environmental  factors  during  a given 
operation,  it  is  of  little  concern  to  the 
operations  commander  since  such  failures 
would  have  an  inconsequential  effect  on  the 
outcome  of  the  operation,  The  processes  of 
deterioration  -particularly  chemical  pro- 
cesses-generally  must  take  place  over  too 
long  a time  scale  to  be  of  significance  within 
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, the  context  of  a given  operation.  Yet, 

J environmental  factors  that  cause  materiel 
deterioration  are  not  absent  in  the  opera- 
tional environment.  In  fact,  not  only  is  the 
range  of  deteriorative  environmental  factors 
wider  in  the  operational  environment  than  in 
the  relatively  better  regulated  logistic  en- 
vironment, but  the  severity  of  the  factors  is 
also  generally  greater.  They  do  not,  however, 
assume  primary  importance  (contribute  to 
mission  success  or  failure)  because  a given 
operation  usually  is  completed  before  the 
relatively  slow-acting  deteriorative  processes 
can  disable  the  materiel.  Both  categories 
have  significance  in  the  operational  environ- 
ment, but,  once  an  operation  has  begun,  the 
first  considerations  overshadow  normal  de- 
teriorative processes.  The  class  of  effects 
that  are  slow-acting  and  deteriorative  in 
nature  are  labeled  “impairment  of  operation- 
al readiness”  in  this  chapter. 

These  two  ways  of  viewing  the  operation- 
al effects  of  environment  result  in  two 
almost  distinct  sets  of  environmental  factors. 
From  the  standpoint  of  mission  execution 
(after  operations  have  begun),  only  two 
major  sets  of  environmental  factors  have  real 
significance -the  terrain  factors  and  the 
rapid,  direct-acting  (damage  or  inhibition 
produced  by  the  factor  directly  and  immedi- 
ately, without  long-term  deterioration)  cli- 
matic factors.  From  the  standpoint  of 
operational  readiness,  however,  the  environ- 
mental factors  that  are  generally  more 
I significant  are  the  slow-acting,  long-term 

{ deteriorative  chemical  and  physical  pro- 

i cesses. 

Because  of  this  duality  in  environmental 
effects,  the  important  set  of  environmental 
factors  depends  on  whether  the  concern  is 
with  operational  readiness  or  with  operation 
execution.  This  dichotomy  is  illustrated 
interestingly  in  the  literature  by  the  relative 
emphasis  on  one  or  the  other  of  these 
considerations  in  discussion  of  extreme 
climatic  environments.  An  extremely  large 
body  of  literature  concerns  the  environ- 
mental effects  of  the  arctic  and  subarctic 
environments.  By  any  means  of  comparison, 


the  great  majority  of  this  literature  empha- 
sizes the  importance  of  the  rapid,  direct-act- 
ing factors  that  produce  failure  and  impair- 
ment of  materiel.  Inability  of  men  and 
materiel  to  function  normally  without 
special  preparation  is  characteristic  of  the 
arctic  regions. 

Deterioration  of  materiel  in  the  arctic 
environment  is  less  of  a problem.  The  low 
temperatures  retard  spoilage  and  other  forms 
of  deterioration  and  inhibit  the  growth  of 
micro-organisms  (microbes),  and  very  little 
free  moisture  is  available  to  foster  deteriora- 
tive processes.  The  literature  reflects  this 
relatively  minor  impact  of  the  long-term 
deteriorative  processes  on  materiel  in  the 
arctic  environment. 

On  the  other  hand,  the  exact  opposite  is 
true  with  respect  to  the  tropical  environ- 
ment. Again,  a large  body  of  literature 
concerns  the  efforts  of  the  tropical  environ- 
ment on  personnel  and  materiel.  Problems 
associated  with  terrain  and  the  rapid, 
direct-acting  climatic  factors  in  the  tropical 
environment  are  treated;  however,  discussion 
of  the  effects  of  deteriorative  processes  on 
materiel  comprises  a significant  and  major 
portion  of  the  literature.  This  is  tiue,  of 
course,  because  deteriorative  processes 
caused  by  environmental  factors  are  of 
significantly  greater  variety  and  impact  in 
the  tropical  environment  than  in  any  of  the 
other  environments.  The  discussion  in  this 
chapter  will  reflect  this  characteristic  of  the 
literature;  i.e.,  in  the  discussion  of  the 
impairment  of  operation  execution,  emphasis 
is  placed  on  the  cold  environments,  while,  in 
the  discussion  of  the  operational  readiness  of 
materiel  as  affected  by  deteriorative  pro- 
cesses, emphasis  is  placed  on  the  tropical 
environment. 

In  life  cycle  environments,  a gray  area 
exists  (at  least  from  the  environmental 
standpoint)  in  the  portion  of  the  life  cycle 
that  occurs  after  materiel  has  been  delivered 
to  the  using  unit  und  before  the  materiel  is 
actually  placed  in  use.  Materiel  in  this 
portion  of  the  life  cycle  is  no  longer,  in  the 
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strictest  sense,  part  of  the  logistic  cycle,  yet 
it  has  not  yet  been  placed  in  use.  Generally, 
it  is  a temporary  storage  situation  involving 
various  types  of  handling.  In  most  cases  the 
storage  is  not  as  protective  nor  is  the 
handling  as  well  regulated  as  in  the  reason- 
ably well-controlled  logistic  cycle.  Further, 
protective  packaging  may  or  may  not  be 
removed  from  the  materiel. 

Most  of  the  time  that  materiel  is  in  the 
hands  of  the  operational  unit  (final  user)  is 
spent  in  this  special  handling  or  storage 
environment,  which  is  defined  here  as 
operational  storage.  Because  the  environment 
during  “operational  storage"  is,  in  many 
cases,  as  poorly  controlled  and  as  severe  as 
the  “operational  environment",  it  is  con- 
sidered to  be  part  of  the  operational 
environment, 

In  this  chapter  the  effects  of  the 
operational  environment  on  materiel  are 
discussed.  Primary  emphasis  is  on  the  effects 
of  climatic  factors  and  terrain  in  the  three 
extreme  environments  (cold,  tropical,  and 
desert).  Par.  4-2  discusses  a number  of 
examples  of  the  impairment  of  operation 
execution  caused  by  environmental  influ- 
ences. A summary  of  a large  scale  study  of 
9,203  incidents  of  operation  impairment 
resulting  from  environmental  effects  during 
World  War  II  in  the  European  theater  of 
operations  is  given.  The  types  of  impucts, 
the  geographic  correlations  of  various  en- 
vironmental influences,  the  seasonal  effects, 
and  the  relationships  between  the  various 
types  of  military  operations  and  environ- 
mental factors  are  discussed.  Pars.  4-3,  4-4, 
and  4-5  present  examples  of  impairment  of 
operation  execution  for  the  three  extreme 
clin  ,itic  regions.  Par.  4-2.1  discusses  those 
environmental  factors  that  produce  impair- 
ment of  operational  readiness  of  mutericl. 
Again,  examples  from  the  literature  on  the 
effects  of  the  three  extreme  climatic  types 
are  given.  Attention  is  also  directed  in  pur. 
4-2.5  to  the  temperate  or  intermediate 
climate  and  its  effects  on  operalion  execu- 
tion and  operational  readiness. 


4-2  IMPAIRMENT  OF  OPERATION  EXE- 
CUTION-TEMPERATE CLIMATE 

This  and  the  next  three  paragraphs 
contain  descriptions  of  those  environmental 
effects  in  the  operational  environment  which 
detract  from  the  ability  of  a unit  to  carry 
out  a mission.  Most  of  these  effects  remain 
part  of  the  operational  environment  despite 
a maximum  engineering  effort.  As  long  as  an 
army  must  move  cmss-country,  then  rain, 
mud,  und  rivers  will  inhibit  mobility.  The 
engineer’s  efforts  may  lessen  such  effects  but 
not  eliminate  them. 

The  strong  correlation  of  climate  with 
effects  in  the  operational  environment  as 
well  as  the  nature  of  the  operations  from 
which  experience  has  been  derived  makes  it 
convenient  to  subdivide  the  discussion  of 
environmental  effects  that  impair  operation 
execution  into  those  occurring  in  temperate, 
cold-wet,  arctic,  desert,  and  tropical  cli- 
mates. This  paragraph  applies  to  the  temper- 
ate climate. 

The  operations  of  the  Army  in  the 
Mediterranean  und  European  theaters  during 
World  War  11  and  in  Korea  typify  operations 
in  temperate  zones,  A comprehensive  study 
of  9.203  incidents  of  environmental  effects 
on  military  operations  in  those  theaters 
provides  much  insight  into  the  nature  und 
relative  importance  of  such  effects  (Ref.  4). 
These  incidents  were  associated  with  82 
environmental  factors,  of  which  only  22 
included  more  than  100  incidents.  These  22 
factors,  however,  comprised  83  percent  of 
tile  total  number  of  incidents.  Of  th>?  82 
factors,  20  are  reluted  to  the  atmosphere 
and,  among  the  most  important  factors,  II 
are  associated  with  the  utmosphcrc.  These 
1 i natural  climatic  factors  represent  almost 
one-half  (47,5  percent)  of  the  total  number 
of  incidents.  Tile  second  most  significant 
category  of  factors  is  that  related  to  terrain 
(33.2  percent  of  the  incidents),  and  the 
third,  to  wuter  features  (12.3  percent  of  the 
incidents)..  From  these  data,  natural  climatic 
factors  (primarily  variations  in  visibility 
conditions)  and  terrain  (land  and  water 
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features)  are  most  important  in  the  opera- 
tional environment. 

Thirty-nine  factors  were  reported  fewer 
than  20  times.  Among  these  were  some 
factors  that  might  have  been  expected  to 
have  greater  incidence-such  as  insects, 
microbes,  and  human  disease.  Table  4-1  lists 
the  various  environmental  factors  and  the 
number  of  incidents  with  which  they  arc 
associated. 

4-2.1  ENVIRONMENTAL  EFFECTS 

The  31  more  important  environmental 
factors  and  the  effects  they  produced  on 
military  operations  are  listed  in  Table  4-2. 
The  entries  in  the  table  indicate  the  fraction 
of  time  that  the  factor  produced  u given 
environmental  effect  during  the  operation. 
The  total  of  all  of  the  fructions  for  a given 
environmental  element  should  equal  1.00 
but  does  not  because  of  rounding-off  error. 
Of  the  nine  most  important  environmental 
effects  shown  in  Table  4-2.  three  involve 
effects  on  materiel,  two  involve  effects  on 
personnel,  and  four  are  combined  effects. 
Effects  involving  movement  und  observation 
account  for  75  percent  of  the  cases  of 
environmental  impact  recorded  in  the  table. 
A wider  vuriety  of  things  affect  movement 
than  any  of  the  other  categories. 

The  general  patterns  revealed  by  these 
data  are: 

(1)  Movement.  All  fuctors  that  produce 
inhibition  or  prevention  of  movement  cun  be 
categorized  according  to  whether  the  move- 
ment they  affect  involves  the  land  surface, 
water  surface,  or  air. 

(al  Und  surface  movement  is  re- 
stricted by  (i)  low  traction  surfaces,  which 
include  mud,  snow  cover,  ice,  combined 
snow  and  ice.  swamps,  and  sand  (other 
surfaces  not  included  in  the  tabic,  which 
occurred  in  a very  small  number  of 
incidents,  were  frozen  bodies  of  water, 
cultivated  fields,  rice  paddies,  and  beach 
terrain );  (ii)  steep  surfaces,  including  slopes. 


stream  channels,  beach  gradients,  and  moun- 
tain passes;  (iii)  obstacled  surfaces,  including 
forests,  underbrush,  landslides,  orchards, 
cultivated  crops,  boulder  surfaces,  urban 
patterns,  and  avalanches;  and  (iv)  other 
obstructions  und  combinations,  including 
narrow  rivers,  artificial  water  courses,  wide 
rivers,  steep  slopes  with  forest,  steep  slopes 
with  snow  und  ice  cover,  steep  slopes  with 
mud,  steep  slopes  in  road  systems,  steep 
slopes  with  snow  cover  and  forest,  steep 
slopes  with  underbrush,  and  steep  slopes 
with  angular  rocks  and/or  gravel. 

(b)  Water  surface  movement  is  re- 
stricted by  currents,  waves,  tides,  swells,  and 
off-shore  feuturcs. 

(c)  Air  movement  is  affected  by  wind 
and  turbulence. 

(2)  Observation.  All  elements  affecting 
observation  can  be  included  in  the  following 
classes: 

(u)  Precipitation,  including  rain,  snow- 
fail,  precipitation/coniknsution  phenomena, 
hull,  und  sleet 

(b)  Condensation,  including  fog, 
ciouds/overcast,  und  combined  condensation 
phenomena 

(c)  Noneondensation  atmospheric  ob- 
structions, including  blowing  sand  and  dust, 
haze,  glare,  und  shadow 

(d)  Vegetation,  including  underbrush, 
forests,  and  orchards 

(e)  Terrain  obstacles  such  us  hills 

(3)  Minor  factors.  In  Table  4-2  only  live 
environmental  factors -low  temperature, 
moonlight,  barren  land,  high  slopes,  and  low 
tcmperulure/huinidity  do  not  produce  their 
major  effects  in  the  movement  and  observa- 
tion categories.  They  may  be  classified  us 
follows: 

(a)  Exposure.  The  major  effect  pro- 
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TABLE  4-1. 

DISTRIBUTION  OF  INCIDENTS  AMONG  ENVIRONMENTAL  FACTORS  (R«f.  4) 


■Factors 

Count 

Mud 

1280 

Fog 

BB9 

Steep  slopes 

891 

Rain 

$02 

Snow  cover 

486 

Precipitation  and  condensation 

462 

Phenomena  J 

Halt 

393 

Clouds  and/or  overcast 

337 

Floods 

379 

Snowfall 

331 

Currents,  water 

277 

Forest 

21B 

Low  temperature 

19B 

Road  system 

197 

Ice 

192 

Mind 

169 

Meves/ swells 

16B 

Meter  depth 

123 

Moonlight 

121 

Barron  land 

112 

Comblnad  condensation  phenomena 

111 

Blowing  sand/dust 

104 

High  alopes 

97 

Snow  and  lea 

97 

Underbrush 

90 

Steep  slopes  and  forest 

83 

Steep  slopes/snow  cover/ice 

BO 

Swamps 

80 

Narrow  rivers 

68 

Steep  slopes  and  mud 

52 

Low  tmeporature/raln/humldlty 

58 

High  tmaperature 

57 

Electrical  disturbances 

66 

Sand 

56 

Froien  ground 

Steep  slopes/road  syitems 

6(1 

4C 

Stream  channel  a 

42 

Artificial  watercourses 

42 

Offshore  features 

36 

Hard  ground 

35 

tco  formation 

24 

Mild  river* 

23 

Steep  slopes/snow  cover/forast 
Steep  slopes/underbrush 
Snow  cover/forett 
Ice 

Landslides 
Local  Mtr  supply 
Angular  rocks/graval 
Tide* 

Cultivated  field* 

Glare 
Salt  spray 
Orchards 

Cultivated  crops 
Beach  terrain 
Turbulence 
Insects 

Steep  slopes/angular  rocks/gravel 

Shelter 

Humidity 

Hall  and  sleet 

Magnetic  dr*  deposits 

Boulder  surface 

Beach  gradients 

Caves 

Passes 

Micro-organisms 

Local  materiel  supply 

Urban  patterns 

Avalanches 

Dry  vegetation 

Field  grasses 

Shadow 

Disease 

Potable  water 

Rice  paddles 

Aridity 

Mirage 

Animals 

Railway  system 
Local  food  supply 


21 

20 

20 

20 

19 

19 

16 

16 

15 

15 

13 

II 

10 

10 

9 

9 

8 

7 

7 

7 

7 

7 

6 

5 

5 

5 

5 

5 

4 

4 

4 

3 

3 

3 

3 

2 

2 

2 

2 

1 


duced  by  moonlight  and  by  barren  land 
relate  to  exposure-over  90  percent  of  the 
incidents  involving  these  factors  are  classified 
under  exposure.  The  use  of  the  word 
exposure  in  this  particular  instance  refers  to 
lack  of  cover,  making  observation  by  the 
enemy  possible. 

(b)  Extreme  temperature.  Low  tem- 
peratures produce  two  mRjor  effects:  me- 
chanical or  nonmechanical  malfunction,  and 
chilling.  Incidents  involving  high  temperature 
were  reported  only  S7  times  and  were  not 

4-6 


significantly  concentrated  in  any  one  kind  of 
effect  on  either  materiel  or  personnel. 

(c)  Barrier.  High  slopes  prevented 
normal  firing  of  artillery  pieces  and  mortars, 
were  barriers  to  the  use  of  small  planes  with 
relatively  low  ceilings,  and  acted  as  barriers 
to  radio  communications.  The  environmental 
factors  associated  with  effects  on  various 
classes  of  materiel  are  given  in  Table  4-3. 

Because  of  the  nature  of  the  operations 
involved  in  these  particular  military  theaters. 


m 
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TABLE  4-2. 

ENVIRONMENTAL  FACTORS  INVOLVED  IN  OPERATIONAL  INCIDENTS  (Rtf.  41 


Effect 

Environmental 

fatter 

S 

5 

•pm 

a 

i 

w 

a 

1 

i 

$ 

e 

s 

♦3 

m 

C 

1 

8 

£ 

t 

a 

4-d 

1 

£ 

Function  inhibition: 
effects  on  operating 
personnel 

r— 

3 

s 

1 

s 

5S 

3k 

c 5 

f1 

Function  inhibition: 
external  environmental 
Influence 

Exposure 

Exposure  prevention 

£ 

r- 

5 

Hud 

68* 

-- 

29 

— 

2 

3 

-- 

-« 

-m 

r«* 

73 

— 

ia 

— 

1 

- 

8 

— 

Stas  tlepti 

74 

4 

16 

l 

1 

2 

1 

2 

.. 

Kiln 

7 

60 

4 

19 

4 

1 

-- 

1 

3 

Snow  cover 

67 

3 

24 

- 

1 

4 

1 

-- 

1 

Precipitation  1 condensation 

2 

67 

- 

30 

— 

-- 

- 

1 

Hue 

.. 

78 

1 

IB 

- 

1 

- 

3 

« m 

Clouds  overcast 

.. 

66 

- 

30 

-- 

3 

- 

1 

mm 

Floods 

32 

32 

— 

32 

4 

— 

-- 

mm 

Snowfall 

4 

69 

1 

23 

1 

1 

— 

2 

.Currents,  water 

47 

— 

29 

-- 

20 

3 

— 

— 

Forest 

2$ 

46 

3 

2 

— 

9 

1 

IS 

m» 

Hoad  system 

SO 

1 

16 

1 

2 

1 

1 

1 

■ m 

low  temperature 

2 

-- 

•« 

- 

58 

3 

.. 

- 

37 

Ice 

78 

1 

10 

1 

7 

3 

1 

-• 

Maveo/iwollt 

31 

• > 

29 

~ 

26 

12 

.. 

■ “ 

Mind 

2B 

5 

11 

1 

24 

27 

1 

1 

4 

Mater  depth 

32 

1 

38 

-- 

22 

S 

1 

«m 

6 

Moonlight 

1 

1 

1 

-- 

- 

1 

95 

larren  land 

1 

— 

2 

1 

1 

3 

92 

— 

Combined  condensation 

-- 

69 

-- 

26 

- • 

2 

— 

4 

Blowing  sand  and  dust 

2 

61 

4 

23 

4 

6 

-- 

1 

High  slopes 

11 

7 

1 

1 

1 

66 

12 

1 

Snow  and  let 

82 

1 

6 

1 

4 

4 

1 

— 

Underbrush 

46 

35 

2 

S 

•- 

2 

10 

Steep  slopes  and  forest 

71 

IS 

2 

-- 

8 

4 

Steep  slopes/snow  cover/ice 

92 

-- 

6 

1 

... 

Swemps 

73 

1 

23 

- 

1 

1 

Hsrrow  rivers 

SO 

-- 

47 

«- 

3 

n. 

low  tamperoture/rsln/humldlty 

6 

11 

6 

- 

3 

-• 

75 

Sand 

46 

2 

31 

19 

" 

-- 

•The  number*  Indicate  the  percent  tint  that  t factor  produced  * given  environmental  tfftet  during  tht  optrttlon. 


some  of  the  categories  bear  explanation.  For 
example,  the  category  “ships  and  other 
water  craft"  refer  more  to  rubber  boats  for 
river  crossing  than  to  naval  vessels  and  the 
currents  are  largely  river  currents.  Many  of 
the  prefabricated  structures  are  bridges, 


which  explains  the  relationship  to  currents. 
The  effect  of  high  slopes  on  communication 
equipment  is  to  interfere  with  transmission 
of  field  radios.  The  effect  of  wind  on 
ammunition  and  explosives  has  to  do  largely 
with  smoke  screening. 
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TABLE  4-3. 

EFFECTS  OF  ENVIRONMENTAL  FACTORS  ON  VARIOUS  CLASSES  OF  MATERIAL  (Raf.  4) 


Class  of  material 
(no.  of  Incldants) 

Factors 

Incidents,  t 

Weapons  (449) 

Mud 

25 

Fog 

1 M I • 14 

Clouds/overcast 

• M • 1 6 

Ammunition  and 

Explosives  (44) 

Hind 

, . . . . 23 

Low  temperature 

i * a a • 16 

Floods.... 

11 

Mud 

> • ■ • • 5 

Rain 

5 

Aircraft  (595) 

Clouds/overcast 

Rain/condensation 

18 

phenomena 

18 

Rain 

14 

Fog..... 

12 

Ships  and  other 

watercraft  (217) 

Currents..... 

> * a a 60 

Floods 

* • • » 6 

Motor  vehicles  (2372) 

Mud 

41 

Snow  cover 

11 

Steep  slopes 

> a a a 8 

Road  systems 

....  7 

Prefabricated 

structures  (71) 

Floods 

65 

Currents 

24 

Communications 

equipment  (121) 

High  slopes 

41 

Floods 

■ • • • 8 

Hind 

7 

Electric  wire,  and 
power  and  dlstrlbu- 


tion  equipment  (31) 

Low  temperatures 

29 

Floods 

..  23 

Snow  cover '. .. 

10 

Live  animals  (73) 

Steep  slopes 

60 

Mud 

12 

Rain 

5 
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The  class  of  materiel  most  often  affected  ducc  t veral  different  kinds  of  effects, 

was  vehicles.  Fifty-five  percent  of  ail  materi-  depending  upon  the  nature  of  the  military 

el  effects  concern  vehicles  and  movement.  activity. 

Some  of  the  factors  are  relatively  specialized 

in  their  effect  while  others  are  not.  For  Trhle  4-4  indicates  the  effects  of  the 

example,  mud  is  almost  entirely  a movement  mrious  environmental  factors  on  personnel, 

factor  (95  percent  of  the  reported  incidents  The  most  prevalent  was  observation  Inhibi- 
involving  mud  also  involve  movement)  and  *‘on<  accounting  for  approximately  54  per- 

oniy  affects  land  surface  movement,  Mud  is  cent  of  all  effects  on  personnel, 

very  effective  in  limiting  movement  by  itself 

and  is  even  more  effective  when  combined  4-2.2  GEOGRAPHIC  CORRELATIONS 
with  steep  slopes.  On  the  other  hand,  it  does 

not  occur  usually  in  combination  with  any  The  reported  environmental  incidents  orig- 

movement  factor  other  than  steep  slopes,  Lnated  in  the  following  geographic  locations: 

Examples  of  vehicles  In  mud  are  shown  in  Morocco,  Algeria,  Tunisia,  Libya,  Egypt, 

Figs.  4-1  and  4-2.  Moonlifht  and  bare  Italy,  Yugoslavia,  Hungary,  Greece,  southern 

ground  arc  also  essentially  single-effect  France,  northern  France,  Switzerland, 

elements;  i.e.,  permitting  exposure  to  enemy  Austria,  southern  Germany,  northern  Euro- 

observations,  Such  elements  us  wind,  waves  pean  lowlands,  northern  Norway,  and  Koreu, 

and  swells,  and  underbrush,  however,  pro-  The  most  frequently  reported  elements  of 


Figure  4-1.  Operetion  of  Howitzer  in  Mud  (Ref.  S) 
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Figura  4-2.  Tank ar  Traversing  Mud 
(Rat  6) 


the  environment  in  terms  f first,  second  or 
third  highest  percentage  of  reports  by 
numbc  of  countries  arc  presented  in  Table 
4-3.  The  military  importance  of  mud  is 
obvious. 

Various  types  of  military  operations 
occurred  in  the  different  countries.  The 
factor  most  often  reported  in  Morocco  and 
Algeria  was  waves  and  swells  because  u 
landing  operation  was  involved,  while  in 
Tunisia  a more  normal  land  eampuign 
oecurred  and  mud  was  most  Important.  In 
Korea,  fog  and  rain  were  reported  more 
frequently  than  was  mud,  Indicating  the 
patrol  action  nature  of  the  operation,  The* 
factor  most  often  reported  in  Libyu  and 
Egypt  was  blowing  sand  and  dust.  Snow 
cover  was  a significant  element  in  Yugo- 
slavia, Hungary,  Austria,  the  northern  Euro- 
pean lowlands,  and  northern  Norway.  Steep 
slopes  were  significant  elements  in  Italy, 
Greece,  southern  France,  and  Austria. 

Table  4-6  Indicates  the  types  of  opera- 
tions involving  environmental  incidents  re- 
ported In  the  various  countries,  Tire  relative- 
ly high  percentages  categorizing  the  bottom 
row  of  the  table - the  nonweupons  operation 
“ Transportation’’-  clearly  indicate  the  mo- 


TABLE  4-4. 

EFFECTS  OF  ENVIRONMENTAL  FACTORS  ON  PERSONNEL  (Rtf.  4) 


Factor 

Number  of 
Incidents 

Incidents,  % 

Fog 

689 

16 

Rain 

352 

8 

Precl pi tatl on/condensatl on 
phenomena 

318 

7 

Haze 

314 

7 

Steep  slopas 

307 

7 

Clouds/ovarcast 

255 

6 

Snowfall 

243 

6 

Snow  cover 

169 

4 
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TABLE  4-E. 

RELATIVE  IMPORTANCE  OF  ENVIRONMENTAL  FACTLRS  (Rtf.  41 


Environmental 

factor 

Number  of  countries  In  which  a factor 
had  the  rating  shown 

First 

Second 

Third 

Mud 

8 

2 

2 

Fog 

?. 

2 

2 

Waves  and  swells 

2 

0 

1 

Snowcover 

1 

2 

1 

Blowing  sand  and  dust 

2 

1 

0 

Rain 

0 

2 

1 

Snowfall 

0 

1 

3 

bile  character  of  military  activities.  While 
weapon  operations  more  often  arc  influ- 
enced by  environment  than  are  nonweapon 
operations,  transportation  is  overwhelmingly 
the  nonweapon  operation  most  subject  to 
environmental  impact.  It  was  important  in 
every  location. 

Table  4-7  lists  factors  associated  with 
environmentally  related  incidents  as  reported 
in  the  various  countries.  Primary  deterrents 
to  land  movement  were  low  traction  surfaces 
and  steep  slopes,  Low  traction  was  a 
significant  problem  in  Tunisia,  Yugoslavia, 
Hungary,  Greece,  Austria,  the  northern 
European  lowlands,  and  northern  Norway. 
Steep  slopes  had  relatively  high  impact  in 
Libya,  Italy,  Greece,  and  Austria.  The 
importance  of  amphibious  landings  is  re- 
flected in  the  sea  surface  movement  inci- 
dents in  Morocco,  Algeria,  and  the  northern 
European  lowlands  (Normandy). 

The  factors -flood,  currents,  water  depth, 
and  sand  -that  tend  to  inhibit  movement 
and  at  the  same  time  bring  about  malfunc- 
tion of  materiel  were  especially  typical  of 
Morocco,  Libya,  Egypt,  southern  France, 
and  Korea.  Blowing  sand  and  dust  (listed  as 
other  atmospheric  factois)  were  recorded 
frequently  in  Tunisia.  Libya,  and  Egypt, 


whereas,  in  the  other  areas,  condensation  or 
precipitation  are  far  more  important. 

4-2,3  SEASONAL  INFLUENCES 

In  much  of  the  world,  climatic  factors 
change  significantly  during  various  seasons  of 
the  year.  Those  factors  that  produced 
impacts  on  military  operations  occur  most 
frequently  in  winter.  The  most  important 
months  are  January,  February,  November, 
December,  and  October  in  that  order,  with 
January  incidents  being  most  numerous.  The 
data  confirm  that  military  operations,  by 
their  nature,  encounter  a wider  variety  and 
greater  intensity  of  environmental  impact  in 
winter-a  fact  that  has  been  observed  in 
military  operations  throughout  history. 

Table  4-8  lists  the  factors  involved  in 
environmental  incidents  according  to  the 
month  in  wliich  they  were  reported  Certain 
factois  are  clearly  seasonal.  Snow  cover, 
snowfall,  ice,  low  temperatures,  and  combi- 
nations of  these  are  winter  elements.  In 
addition,  condensation  and  precipitation 
phenomena  that  affect  visibility  are  more 
frequent  in  winter  months  than  in  summer 
months.  Rain,  however,  is  distributed  season- 
ally in  no  particular  pattern  in  these  areas. 
Part  of  the  explanation  may  lie  in  the  fact 
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that,  while  the  major  effect  of  rain  is  on 
observation,  it  also  has  widely  distributed 
effects  of  other  types,  Wind  is  also  primarily 
a winter  phenomenon  in  the  areas  studied, 
Reporting  of  the  effects  of  moonlight  on 
exposure  is  primarily  a winter  phenomenon, 
Since  moonlight  is  hardly  seasonal,  the 
distribution  of  environmental  impacts  or 
effects  in  winter  obviously  must  arise  from 
the  exposure  problem.  It  appears  that  the 
combination  of  snow  cover  and  luck  of 
vegetative  cover  are  winter  characteristics 
that  enhance  or  emphasize  exposure  due  to 
moonlight.  Summer  phenomena  are  under* 
brush  and  blowing  sand  and  dust,  Mud  is 
primarily  a winter  phenomenon.  Floods  are 
primarily  early  winter  and  late  winter 
elements,  as  is  water  depth,  Currents  appear 
to  be  most  significant  in  spring.  Most  of  the 
currents  reported  arc  river  currents,  and 
spring  is  the  period  of  maximum  river  flow. 
Factors  of  the  environment  that  show  no 
marked  seasonal  variation  in  frequency  of 
occurrence  are  steep  slopes,  rain,  forest,  road 
systems,  barren  land,  high  slopes,  steep 
slopes/ forest,  und  narrow  rivers,  Figs.  4-3 
and  4-4  show  the  environmental  effects  on 
materiel  and  personnel,  respectively,  for  each 
month. 

The  following  conclusions  are  drawn  from 
these  data: 

(1)  The  most  important  effects  of  en- 
vironment on  the  execution  of  military 
operations  arc  those  that  inhibit  or  prevent 
movement  und  observation,  and  the  most 
important  single  factors  of  environment  with 
respect  to  these  effects  urc  mud  und  fog, 

(2)  The  major  differences  between  two 
different  locutions  arc  not  so  much  the 
overall  effects  they  produce  on  the  average 
military  operation  us  they  are  the  different 
effects  elicited  by  different  kinds  of  opera- 
tions und  the  varieties  of  factors  thut 
produce  these  effects, 

(3)  In  general,  winter  has  a greater  impact 
titan  summer;  the  ruiny  season  has  a greater 
impact  than  the  dry  season. 


14)  Since  the  natc.e  of  environmental 
factors  differs  with  geographic  location,  the 
impact  of  a giver,  factor  on  a given 
operation  is  also  a function  of  location, 

4-2.4  CORRELATIONS  WITH  TYPE  OF 
MILITARY  OPERATION 

The  impact  of  environment,  on  various 
types  of  military  operations  hat  been 
evaluated  (Ref.  7),  based  on  the  data 
discussed  in  the  preceding  paragraphs  (Ref. 
4).  Table  4-9  lists  the  10  environmental 
factors  that  had  the  highest  impact  on 
operations.  From  this  table,  the  very  close 
correspondence  of  an  operation  with  t 
particular  factor  is  evident.  Five  of  the 
factors  were  associated  with  a particular 
operation  from  60  to  75  percent  of  the 
time;  current  (small  arms),  clouds  and/or 
overcast  (aircraft),  floods  (transportation), 
precipitation/condensation  phenomena  (air- 
craft), Rain  has  the  most  widely  dispersed 
effects  with  respect  to  operations,  perhaps 
because  the  report  “rain"  usually  implies 
some  associated  phenomena.  The  10  highest 
impact  factors  are  associated  with  ail  of  the 
weapon  operations  but  with  only  two  of  the 
nonweapon  operations. 

The  data  in  Tubk*  4-9  refer  to  those 
incidents  in  which  the  operation  was  pre- 
vented. On  occasions,  however,  environ- 
mental elements  can  delay  or  obstruct  an 
operation  without  actually  preventing  the 
operation  from  occurring.  When  the  opera- 
tion was  reported  to  have  been  delayed  or 
obstructed,  the  operations  in  Table  4-10 
were  those  affected.  When  operations  are 
delayed  or  obstructed,  the  element-operation 
relationship  uppeurs  to  be  more  diffuse.  Two 
elements  that  maintain  an  extremely  hiah 
correlation  are  waves  or  swells  a.id  amphibi- 
ous operations.  It  cun  also  be  seen  from 
Table  4-10  that  a slightly  higher  percentage 
of  nonwcupon  operations  are  affected.  This 
Is  true  because  the  nonweapon  operations 
are  more  likely  to  be  delayed  than  pre- 
vented. in  gcnerul.  howevm,  the  association 
of  high  impact  elements  arid  the  operations 
they  affect  do  not  differ  greatly  from  those 
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TAWLE  44. 

ASSOCIATION  OF  ENVIRONMENTAL  FACTORS  THAT  PREVENT  EXECUTION  WITH  TVFESOF 

OPERATION  |R«f.  7) 


Factor 

Operation 

Incidents,  S 

Currents,  water 

Small  arms 

60 

Transportation 

18 

Engl  nan ring 

10 

Clouds  and/or 

A1 rcraf t 

70 

overcast 

Heavy  weapons 

13 

Complex* 

13 

Precipitation/ 

A1 rcraf t 

75 

condensation 

Heavy  weapons 

13 

Complex* 

9 

Snow 

Aircraft 

55 

Heavy  weapons 

IS 

Small  arms 

12 

Floods 

Transportation 

4 

Small  arms 

31 

Engineering 

16 

Combined  conden- 

Aircraft 

63 

sail on  phenomena 

Heavy  weapons 

22 

Waves  or  swells 

Amphibious 

46 

Transportation 

41 

Rain 

Aircraft 

51 

Heavy  weapons 

16 

Complex* 
Small  arms 

14 

9 

Narru  * .Ivors 

Small  arms 

48 

Armored 

34 

Water  depth 

Small  arms 

53 

*A  complex  operation  Is  a land  operation  utilizing  a combination  of 
small  arms  (Infantry),  heavy  weapons  (artillery),  and  armor  working 
In  conjunction. 


I 
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TABLE  4-10. 

ABSOCtATION  OF  ENVIRONMENTAL  'ACTORS  THAT  IMPAIR  EXECUTION  WITH  TYPES  OF 

OPERATION  (RM.  7) 


Factor 

Operation 

Incidents,  X 

Currents 

Small  arms 

36 

Amphibious 

29 

Transportation 

18 

Clouds  and/or 

overcast 

Aircraft 

61 

Heavy  weapons 

18 

Complex* 

14 

Precipitation/ 

37 

condensation 

Heavy  weapons 

Aircraft 

35 

Complex* 

15 

Snow 

Heavy  weapons 

49 

Small  arms 

19 

Floods 

Transportation 

36 

Small  arms 

n 

Complex* 

n 

Combined  conden- 

satlon  phenomena 

Heavy  weapons 

46 

Aircraft 

34 

Waves  or  swells 

Amphibious 

71 

Transportation 

16 

Rain 

Heavy  weapons 

30 

Aircraft 

25 

Small  arms 

19 

Complex* 

13 

Narrow  rivers 

Small  arms 

41 

Water  depth 

Complex* 
Small  arms 

26 

21 

*A  complex  operation  is  a land  operation  utilizing  a combination  of  small 
arms  (Infantry),  heavy  weapons  (artillery),  and  armor  working  In 
conjunction. 
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in  Table  4-9.  In  particular,  the  following 
elements  are  still  primarily  associated  with  a 
single  operation:  currents,  clouds  and/or 
overcast,  floods,  and  waves  or  swells. 

It  is  concluded  that: 

(1)  Some  environmental  factors  produce 
more  widespread  and  severe  impacts  on 
military  operations  than  others. 

(2)  Some  types  of  military  operations  arc 
highly  susceptible  to  environmental  impacts 
(e.g.,  an  aircraft  operation  is  the  most 
susceptible  operation  with  the  highest 
amount  of  environmental  impact,  whereas 
medical  operations  are  the  least  susceptible 
to  environment). 

(3)  Some  environmental  factors  are  asso- 
ciated primarily  with  one  type  of  operation, 

(4)  Weapon  operations  are  affected  more 
adversely  by  the  environment  than  non- 
weapon operations, 

An  additional  study  based  on  these  data 
was  undertaken  to  describe  environmental 
effects  on  specific  military  operations  (Ref, 
8).  The  weapon  operations  analyzed  in- 
cluded aircraft,  armor,  small  arms,  und  heavy 
weapons  complex:  combined  arms  and  am- 
phibious operations;  while  the  nonweapon 
operations  analyzed  included  engineering, 
medical,  signal,  ordnance,  and  transporta- 
tion. Seventy-three  percent  of  all  incidents 
were  associated  with  weapon  operations  as 
opposed  to  nonwcupon  operations,  However, 
transportation -a  nonwcafxm  operation-was 
reported  to  be  affected  more  often  than  any 
other  type  of  operation.  For  weapon 
operations,  reports  of  effects  on  personnel 
outnumbered  reports  of  effects  on  materiel, 
while  the  reverse  was  true  for  nonweupon 
operations. 

The  dominant  effect  on  personnel  for  all 
operations  was  observation  interference.  The 
dominant  effect  on  materiel  was  movement 
restraint.  Table  4-11  lists  the  environmental 
effects  on  materiel.  Only  four  effects -three 


affecting  materiel  and  one  affecting  person- 
nel-had a greater  frequency  of  occurrence 
for  nonweapon  than  for  weapon  operations. 

An  important  effect  on  materiel  in 
weapon  operations  is  function  inhibition 
resulting  from  environmental  effects  on 
operating  personnel.  This  effect  shows  up 
mainly  as  a subsidiary  effect  of  observation 
interference -a  situation  in  which  the  materi- 
el is  limited  functionally  because  of  the 
inability  of  the  operating  personnel  to  sec. 
This  effect  is  almost  nonexistent  In  the 
nonweapon  operations. 

The  effects  "mechanical  malfunction"  and 
"function  limitation  due  to  external  environ- 
mental influences"  are  relatively  important 
to  the  nonweapon  operations,  accounting  for 
about  23  percent  of  the  total,  whereas  in 
weapon  operations  they  account  for  only  13 
percent  of  the  totul, 

In  weapon  operations,  observation  inter- 
ference produced  the  single  largest  effect  on 
personnel- 51  percent  of  the  totul.  Move- 
ment limitation  was  the  next  most  impor- 
tant with  about  one-hulf  as  muny  cases.  The 
same  two  effects  are  also  the  most  signifi- 
cant ones  for  the  nonweapon  operation,  but 
in  reverse  order, 

The  effect  of  environmental  factors  on 
operations  can  be  classified  in  u number  of 
ways,  One  is  based  on  whether  the  environ- 
mental effects  are  on  personnel  or  on 
weapons.  Aircraft,  heavy  weapons,  and  small 
arms  operations  are  characterized  by  a 
dominance  of  environmental  effects  on 
personnel.  On  the  other  hand,  urmor, 
amphibious,  engineer,  ordnance,  signul,  und 
transportation  operations  involve  environ- 
mental effects  on  materiel  In  greater  than  75 
percent  of  the  cases.  Two  operations,  the 
combined  arms  und  the  medical  operation, 
cannot  be  characterized  as  either  personnel 
or  materiel  since  the  distribution  of  impact 
is  about  equal  for  both. 

There  is  a further  correlation  between 
operations  and  certain  specific  effects;  i.e„ 
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TABLE  4-11. 

DISTRIBUTION  OF  ENVIRONMENTAL  EFFECTS  BETWEEN  WEAPON  AND  NONWEAPON 

OPERATIONS  (R*f,  8) 


Effects 

Reported  Incidents  Involving 
each  effect,  X 

Weapons 

Nonvnapons 

On  materiel 

Movement  prevention 

56 

44 

Movement  restraint 

50 

50 

Mach an 1 cal /nonmechanl cal 
malfunction 

45 

55 

Function  Inhibition:  external 
environmental  Influences 

40 

60 

Function  Inhibition:  effects 
on  operating  personnel 

95 

5 

Accalaratad  w tar 

24 

76 

Exposure 

80 

20 

Exposure  prevention 

76 

24 

On  personnel 

Nonlnfectlous  disease 

44 

56 

Fatigue 

54 

46 

Chilling 

75 

25 

Movement  prevention 

89 

n 

Movement  restraint 

81 

19 

Observation  Interference 

95 

5 

Observation  Improvement 

80 

20 

Exposure 

95 

5 

Exposure  prevention 

95 

5 

I 


< 

J 

t 


i 


most  operations  can  be  characterized  by 
dominant  effects.  Some  operations  are  sus- 
ceptible to  great  impact  from  a single  effect 
while  others  ure  impacted  by  several  signifi- 
cant environmental  effects.  The  following 
operations  are  predominantly  subject  to  one 
kind  of  effect:  armor  (movement  prevention 
or  limitation),  transportation  (movement 


prevention  or  limitation),  uircraft  (observa- 
tion interference),  heavy  weapons  (observa- 
tion Interference).  Certain  operations  are 
subject  to  more  than  one  dominant  effect 
from  the  environment.  These  multiple-effect 
operations  ure  small  arms,  complex,  amphibi- 
ous. ordnance,  engineer,  and  signal.  General- 
ly, weapon  operations  are  characterized 
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more  by  one  dominant  effect  than  non- 
weapon operations.  In  addition,  effects  on 
movement  and  observation  usually  have  a 
greater  impact  on  weapon  operations.  Non- 
weapon operations  have  a relatively  greater 
proportion  of  their  effects  in  the  nature  of 
mechanical  malfunction  and  function  limita- 
tion due  to  external  environmental  influ- 
ences. 

4-2.6  OPERATIONS  IN  TEMPERATE  CLI- 
MATE 

Although  the  temperate  climate  receives 
little  emphasis  in  Chap.  2,  “Operational 
Climates  of  the  Army",  many  of  the  effects 
of  environment  on  operations  occur  in  that 
climate  because  that  is  where  most  opera- 
tions occur.  The  important  terrain  factors- 
high  relief,  poor  load-bearing  soils,  mud, 
forests,  swamps,  and  streams-arc  found  in 
the  temperate  climates  as  arc  damaging 
factors  such  us  sand  and  dust,  snow,  ice,  and 
extreme  temperatures  and  humidities  which 
are  more  often  associated  with  extreme 
climates.  An  example  of  snow  is  shown  in 
Fig.  4-5.  In  temperate  climates  seasonal 
snow  cover  is  often  greater  than  in  arctic 
regions.  However,  most  materiel  1$  designed 
to  operate  In  these  temperate  conditions  and 
personnel  are  better  acclimated  to  them. 

Examples  of  the  mobility  problems  that 
can  occur  in  temperate  climates  are  given  in 
a comparison  (Ref.  9)  of  operational  mobili- 
ty of  Army  vehicles  performed  by  the  U S 
Army  Transportation  Board  for  the  U S 
Army  Transportation  Engineering  Agency, 
Ft,  Eustis,  Va.  (Ref,  9).  Results  clearly 
indicate  that  operational  mobility  cun  be 
compromised  in  temperate  climates.  Substan- 
tial problem  areas  were  encountered  in 
off-road-movements  through  beach  sand, 
tidal  mud  flats,  and  gumbo  clays.  Many  of 
the  36  vehicles  were  unable  to  traverse  this 
terrain.  Throughout  the  evaluation,  particu- 
lar emphasis  was  placed  on  ascertaining  how 
the  use  of  aggressive  tread*,  low  pressure, 


•An  auttuivt  tmil  li  one  with  veiy  Urge  clean  or  grouien 
Mich  ai  on  Urea  ured  on  construction  equipment. 


oversized  tires  affect  the  mobility  of  vehi- 
cles. Vehicles  thus  equipped  were  superior  to 
vehicles  using  standard  tires.  It  was  also 
clearly  demonstrated  that,  in  vehicles  not 
designed  for  such  modification,  the  strain  on 
certain  components  such  as  clutch  assemblies 
and  driving  axles  may  be  Increased  suffi- 
ciently to  cause  failure. 

The  capability  of  a vehicle  to  cross 
difficult  ditches  and  descend  steep  slopes 
depends  on  the  following  characteristics: 
high  horsepowr-to-weight  ratio,  aggressive 
tires,  positive  all-wheel  drive,  an  adequate 
angle  of  approach  and  departure,  and 
adequate  braking  Successful  operations  over 
sand  slopes  and  soft  soils  require  low  axle 
loads.  The  superiority  of  tracked  vehicles  to 
wheeled  vehicles  was  demonstrated  for 
operation  over  soft  soils  and  difficult 
terrains.  For  example,  a 2-1  /2-ton  cargo 
truck  equipped  with  oversized  tires  was 
immobilized  in  a a amp  area  ufter  making 
only  12  passes,  while  a 5-1 /2-ton  tracked 
vehicle  continued  to  operate  after  50  passes. 
Other  examples  of  immobilization  include 
these.  A 5-ton  cargo  fuck  was  immobilized 
while  crossing  a 3-ft  ditch  as  a result  of 
inadequate  angle  of  ap-roach  caused  by  a 
front-mounted  winch.  tn  a combat  tank 
was  Immobilized  in  a : sand  ditch.  In  the 

swampy  test  area,  the  2 i /2-ton  cargo  truck 
was  Immobilized  before  reaching  the  as- 
signed test  range.  A 3/4-ton  vehicle  was 
disabled  on  the  exit  slope  of  a 5-ft  ditch.  A 
truck-tractor  system  was  immobilized  during 
a 5-ft  ditch-crossing  test.  Some  articulated 
vehicles  have  an  inadequate  angle  of  break, 
which  results  in  high  centering  and  immo- 
bilizes the  vehicle  when  traversing  small 
mounds. 

4-3  IMPAIRMENT  OF  OPERATION  EXE- 
CUTION-COLD CLIMATES 

Knowledge  of  the  cold  climate  (cold  and 
extreme  cold  categories  of  AR  70-38,  Ref. 
10)  is  derived  from  number  of  field 
training  operations  in  such  climates,  from 
the  testing  performed  at  the  Arctic  Test 
Center,  Ft.  Greely,  Alaska,  and  by  the  Cold 
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Figure  4-5.  Snow  Accumulation  Problems  in  the  Temperate  Climate 
(Photograph  by  R.  W.  Gerde/J 


Regions  Research  und  Engineering  Labora- 
tory, Hanover,  N.H,  The  cold  climates 
encompass  a large  portion  of  the  Northern 
Hemisphere  seasonally  and  the  extreme 
northern  regions  continually.  The  cold-wet 
climate,  which  seasonally  appears  in  large 
regions  of  the  north,  is  particularly  notable 
for  its  difficult  environmental  effects, 

In  tills  paragraph,  general  effects  of  the 
cold  climate  on  materiel  are  discussed  utter 
which  considerable  attention  is  given  to  the 


experiences  gained  in  u controlled  test 
operation  on  Adak  Island.  Alaska.  Addi- 
tional information  Is  provided  from  other 
tests  in  more  extreme  conditions.  In  general, 
execution  of  operations  is  limited  or  pre- 
vented in  many  cold  regions, 

4-3.1  GENERAL  EFFECTS  ON  OPERA- 
TIONAL MATERIEL 

Tlte  problems  associated  with  the  opera- 
tion of  vehicles  ure  much  more  numerous  in 
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the  arctic  regions  than  elsewhere,  and  are 
associated  with  the  difficult  terrain  and  the 
extreme  low  temperatures  encountered.  With 
the  exception  of  inhabited  areas,  vehicle 
transportation  is  uncertain  and  hazardous 
because  of  the  absence  of  roads.  Travel  from 
base  to  base  is  over  rugged  terrain  covered 
with  either  snow  and  ice  or  tundra.  Wheeled 
vehicles  are  confined  to  roads,  and  low 
pressure  tracked  vehicles  such  as  shown  in 
Fig.  4-6  are  indispensable  when  travel  is 
required  crass  country.  The  danger  of  upset 
and  crash  into  arctic  ice  provides  un 
additional  environmental  hazard  for  which 
special  provisions  must  be  made. 

Most  problems  with  fuels  and  lubricants, 
cold  starting  of  engines,  and  durability  and 
mobility  of  vehicles  have  been  solved 
although  improvements  are  desirable.  Some 
difficulty  is  experienced  with  heating  capaci- 
ty of  automotive  and  vehicular  heaters  as 
well  us  with  batteries  and  rubber  com- 
pounds. Provided  proper  special  purpose  oils 
or  greases  are  used,  most  problems  In  the 
urea  of  fuels  and  lubricunts  urise  us  a result 
of  contamination  with  moisture  or  fine 
particulate  matter. 

Moisture  condensation  on  surfuces,  which 
is  encountered  when  cold  equipment  is 
moved  into  warm  enclosed  areas,  cun  be  a 
problem.  Many  arctic  ureas  are  subject  to 
dense  fog  in  spring  and  full,  impairing 
visibility  and  causing  moisture  problems. 
Photographic  equipment  is  particularly  sus- 
ceptible to  the  arctic  environment.  The  most 
frequently  encountered  difficulties  involve 
stiffness  of  operation,  frosting  of  lens 
systems,  and  icing  of  mechanical  parts,  plus 
operational  difficulties,  along  with  the  stif- 
fening of  film  and  the  altering  of  processing 
and  developing  procedures-all  require 
special  techniques  and  adequate  mainte- 
nance. It  is  aluo  important  that  personnel  be 
specially  trained  in  operation  and  repair 
under  extreme  low  temperature  conditions. 

Shelters  are  very  important  for  the 
survival  of  personnel  us  well  as  for  the 
proper  und  thorough  maintenance  of  equip- 


ment, vehicles,  and  aircraft.  The  funda- 
mental environmental  control  requirement  in 
arctic  climates  is  heating.  Indeed,  if  human 
beings  are  to  survive  in  the  Arctic  for  any 
length  of  time,  proper  heat-generating  equip- 
ment must  be  available, 

Wet  and  dry  cell  batteries,  which  are 
Important  in  electrical  power  generating 
equipment  and  electrically  operated  materiel, 
lose  their  output  capacity  at  extreme  low 
temperatures.  Most  of  the  difficulties  of  the 
wet  celt  batteries  are  due  to  an  increase  in 
internal  resistance  as  the  temperature  de- 
creases, Deterioration  of  cells  at  un  accel- 
erated rate  is  not  a problem  in  the  Arctic. 
Under  extremely  cold  conditions  (•-40°F  and 
below),  wet  und  dry  ceil  butteries  used  to 
power  electronic  equipment  become  frozen, 
!Ilectrlc«l  characteristics  of  circuit  compo- 
nents also  change  to  such  un  extent  that 
frequent  readjustments  are  required.  When 
temperatures  full  below  0°F,  equipment 
should  be  heated  und  a long  warmup  period 
should  be  provided.  If  possible,  ground 
equipment  should  be  operated  in  housing  or 
shelters  that  are  heated  continuously  to 
insure  muximum  reliability, 

Table  4-12  presents  information  on  the 
effect  of  cold  climates  on  various  categories 
of  ground-support  equipment,  in  addition  to 
the  difficulties  induced  by  environment, 
some  indication  of  the  remedies  that  cun  be 
employed  to  overcome  or  circumvent  the 
problems  are  included. 

4-3.2  OPERATIONS  IN  THE  COLD-WET 
CLIMATE 

Tusk  Force  Williwaw  (Ref.  12),  u compos- 
ite force  of  ground  troops,  tested  u wide 
variety  of  ground  equipment  in  the  cold-wet 
climate  and  terrain  of  Aduk  Island,  Alaska, 
during  winter  conditions.  Investigations  were 
made  of  vehicle  mobility  and  personnel 
exposure  problems.  The  eold-wet  climatic 
conditions  encountered  were  (1)  a tempera- 
ture range  of  20°  to  40° F,  (2)  high 
humidity,  rain,  fog,  and  snow,  (3)  snow 
remaining  on  the  ground  for  short  periods  of 
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TABLE  4-12. 

DIFFICULTIES  PRODUCED  BY  YHE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (R«f.  131 


Materiel 

Environmental  Effect 

Remedy 

Electronic 

eauloment 

General 

Difficulties  of  arctic  electronic 
operation  result  from  the  extreme 
low  temperatures  (to  -60°F);  the 
magnitude  of  the  annual  tempera- 
ture range  (from  -60'’  to  +1QQ°F); 
the  prevalence  of  high  winds,  the 
nonexistence  of  good  roads;  the 
ruggedness  of  the  tundra  terrain, 
the  lack  of  efficient  batteries, 
heaters  and  Insulation;  and  the 
effect  of  the  arctic  environment 
on  the  operators. 

Some  Improvement  In  arctic 
electronic  operation  can 
and  Is  being  accomplished 
by  reduction  of  unit 
weights,  providing  shock 
and  vibration  mountings, 
sealing  units  or  compo- 
nents against  moisture, 
snow  and  dirt,  Increasing 
battery  Derformance  and 
heater  efficiency,  correct' 
1 ng  Insulation  and  pack- 
aging difficulties , and 
generally,  by  Improving 
the  winterization  methods 
and  materials. 

The  rugged  terrain  of  the  arctic 
regions  causes  damage  to  elec- 
tronic equipment  as  the  result 
of  vibration  and  shock. 

Vibration  damage  has  been 
controlled  by  the  use  of 
cast  resins,  shock  mount- 
ing and  good  packaging. 
Reduction  of  weights  of 
components  by  printed 
circuits  and  miniaturiza- 
tion of  components  reduces 
the  probability  of  shock 
and  vibration  damage. 

Moisture  results  in  corrosion 
and  change  of  dielectric  con- 
stants due  to  "breathing"  and 
wind-blown  rain,  snow,  dust, 
and  dirt. 

Hermetic  sealing  of  com- 
ponents and  units  Is  the 
best  protection.  Circu- 
lation of  warm  dry  air, 
careful  Inspection  and 
maintenance  and  cleanli- 
ness are  protective 
measures.  Fibrous  resin 
bonded  glass  insulation 
acts  as  a moisture 
barrier. 

Insulation  of  cables  and  other 
parts  becomes  brittle  and 
breaks  or  loses  flexibility 

The  use  of  arctic  rubber 
or  arctic  polymer  as 
cable  insulators  provides 
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TABLE  4-12  (Continual. 

DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (R«t.  13) 


Materiel 


Environmental  effect 


Remedy 


at  low  temperatures. 


flexibility  at  low 
temperatures.  Heating 
elements,  winterization,  and 
the  use  of  fibrous  or 
silicone  glass  with  re- 
sin bonders  as  Insulating 
materials  for  units  are 
aids  to  avoid  extreme  low 
temperatures . 


At  low  temperatures,  both  wet 
and  dry  cell  batteries  lose 
power  and  become  useless;  e.g., 
a temperature  of  -30  F produces 
a 90*  reduction  In  current  capa- 
city of  lead-acid  storage 
batteries. 

Inadequate  closures  allow  rain, 
snow,  sand  and  dust  to  pass 
through  seals  and  packing, 
"Breathing"  permits  accumula- 
tion of  frost,  causing  variation 
in  dielectric  constants. 


Independent  heating  units 
to  keep  batteries  at  ade- 
quate operating  tempera- 
tures, good  Insulation, 
and  winterization  practices 
keep  units  in  operation. 

Hermetic  seals  of  small 
components  prevent  en- 
trance of  foreign  matter. 
Careful  cleaning,  mainte- 
nance, and  circulation  of 
clean,  dry,  wanned  air  are 
preventive  measures. 


At  low  temperatures,  cables  lose 
flexibility,  plugs  cannot  be 
readily  removed  or  reinserted 
in  crowded  panels,  captive  type 
screws  cannot  be  removed, 
terminals  are  not  watertight 
and  cordage  loses  Its  strength 
and  flexibility  due  to  moisture 
absorption. 


Panel  arrangement  can  pro- 
vide adequate  space  for 
the  removable  plugs.  All 
screw  heads  should  be  cap- 
able of  screwdriver  use. 
Terminals  can  be  protected 
and  made  watertight. 


Contingent 
wiring  and 
connectors 


Solder 

joints 


Poles, 

ground  rods, 
and  stakes 


High  tin  solders  having  60*  tin 
content  disintegrate  at  temper- 
atures below  -5B°F  and  connect- 
ions made  therewith  fall  apart. 

It  Is  Impossible  to  erect  poles 
or  drive  ground  rods  or  steel 
stakes  Into  permafrost.  The 
provision  of  adequate  grounds 
Is  a constant 


Solder  should  not  contain 
more  than  35*  tin. 


The  surface  of  the  ground 
could  be  penetrated  by 
building  fires  and  heating 
but  when  permafrost  was 
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DirFICULTIF.S  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  lR«f.  13) 


Materiel 

Environmental  effect 

Remedy 

problem. 

reached.lt  could  not  be 
penetrated. 

Wire 

Difficult  to  dig  trenches  in 
snow  and  icc,  and  mechanical 
damage  is  prevalent  to  wire 
laid  on  the  surface. 

Overhead  installation 
should  be  used  whenever 
possible. 

Components 

Transformers 

Pitch-filled  transformers  and 
colls  crack  due  to  excessive 
temperature  changes.  Subse- 
quent condensation  in  these 
cracks  causes  electrical  break- 
down of  the  unft. 

Prescribed  winterization 
procedures  should  be 
followed  to  eliminate 
this  condition. 

Tubes 

Tube  envelopes  break  loose  from 
the  base  when  tubes  are  placed 
In  service  without  extended 
warm-up  periods. 

Winterization  procedures 
such  as  keeping  filament 
oower  on  at  all  times  must 
be  followed  rigidly. 

Capacitors 

The  effective  capacity  of  elec- 
trolytic capacitors  Is  materi- 
ally reduced  when  operated  in  an 
ambient  temperature  of  -20°C  and 
below. 

Sensitive 

switches 

and 

relays 

Formation  of  Ice  or  frost  on  the 
actuating  mechanism  renders  the 
switches  erratic  or  Inoperative. 

Great  care  should  be 
exercised  in  applying 
switches  under  conditions 
likely  to  produce  an 
accumulation  of  Ice  or 
frost. 

Quartz 

crystals 


Shelters 


Crystals  may  fall  o oscillate 
at  low  temperatures  because  of 
mechanical  changes. 


Should  be  kept  as  close 
as  possible  to  normal 
operating  temperatures. 


X 


Problems  are  permafrost,  insula- 
tion, heating,  and  weight  limita- 
tion Imposed  by  supply  transport. 
Designing  and  constructing 
shelters  with  those  principal 
factors  as  parameters  are  the 
problem. 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCT  IC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (Ref.  13) 


Materiel 

Environmental  effect 

Remedy 

Building 

materials 

and 

construc- 

tion 

Due  to  the  bleak  and  barren 
terrain  north  of  the  timber  line, 
building  materials  necessary  for 
parmanent  and  saml permanent  shel- 
ters must  be  Imported. 

Building  materials  used 
are  those  commonly  used 
In  the  temperate  zone 
and  modified  In  their 
manner  of  application. 
Structures  are  primarily 
prefabricated  types  that 
can  be  transported  by  air 
or  tractor  train,  and 
quickly  and  easily  erected 
in  low  temperatures: 

(1)  Quonset  huts 
2 Cowan  huts 
(3  Pacific  huts 

(4)  James way  huts 

(5)  Army  standard  theater 
of  operation  huts 

(6)  Stout  houses 
(7  Hangars 

(8)  Nose  hangars 

(9)  Wannlgans 

(10)  Tents 

The  use  of  Ice  and  snow 
for  structural  purposes 
has  proved  feasible,  but 
has  not  been  used  to  any 
great  extent  except  In 
cases  of  emergency. 

Surface  and  subsurface 
drainage  under  the  build- 
ings must  be  adequate  In 
all  seasons  for  conveying 
surface  and  ground  water 
away  from  the  site. 

Areas  where  surface  and 
ground  water  are  critical 
should  be  avoided  as  con- 
struction sites. 


The  destructive  effects  of 
freezing  and  thawing  are  attri- 
buted to  the  presence  of  sur- 
face and  ground  water  which 
are  the  most  Important  factors 
Influencing  construction  In 
permafrost  regions.  Moving 
ground  water  In  construction 
areas  Is  particularly  critical 
since  It  conveys  heat  which 
Is  capable  of  thawing  ground 
and  upsetting  the  thermal 
regime.  In  addition,  It  may 
undercut  foundations  by 
carrying  away  soil  suspension 
and  cause  foundation  settle- 
ment due  to  the  reduction  of 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (Ref.  13) 


Materiel 


Envl  rmmental  effect 


Remedy 


bearing  capacity.  Heaving  of 
foundation  Is  also  possible. 


Thawing  of  permafrost  under  foun 
datlons  causes  settling  and 
possibly  damage  to  foundations 
and  bui Idlngs. 


To  prevent  thawing  of  the 
permafrost  and  to  preserve 
the  permafrost,  level , 
floors  must  be  Insulated 
and  ventilated  air  space 
must  be  provided  between 
the  floor  and  ground  or 
an  adequate  Insulating 
cover  placed  over  the 
ground. 

The  foundation  should  be 
placed  over  or  anchored 
In  the  permafrost  In 
accordance  with  developed 
arctic  techniques. 


Snow  drifts  can  Impose  severe 
lateral  stresses  on  building 
structures,  block  ventilation, 
and  disrupt  communications. 


Buildings  should  never  be 
built  on  breaches  In  hill- 
sides where  they  create 
troughs  Into  which  trans- 
verse winds  can  deposit 
deep  snowdrifts.  In  areas 
subject  to  high  winds,  In- 
adequate spacing  between 
shelters  or  locations  too 
close  to  steep  natural 
features  also  can  cause 
snowdrifts. 


Heating 


The  major  heating  problem  Is 
air  stratification  found  In 
heated  shelters  In  subzero 
regions.  Floor-to-celling 
temperature  differentials  as 
high  as  60  deg  F have  been  ob- 
served In  shelters  heated  by 
space  heaters. 


Radiant  heating  has  been 
found  to  be  very  effective. 
Where  radiant  heating  In- 
stallations are  exposed  to 
possible  damage  from  freez- 
ing, such  as  floor  areas 
adjacent  to  hangars,  doors 
or  other  comparable  condi- 
tions, a suitable  non- 
freezing  circulating 
medium  of  proper  specific 
heat  should  be  used. 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (Ref.  13) 


Materiel 


Envlronmentel  effect 


Ventilation 


Moisture  given  off  by  personnel 
In  unventllated  shelters  will 
condense  on  Inside  surfaces. 
Subsequent  forming  of  frost  may 
penetrate  end  destroy  effective 
Insulation. 


The  combined  effects  of  strong 
winds  and  heavy  snow  and  Ice 
loads  Induce  excessively  high 
stresses  on  roofs, 


Outward  opening  doors  are  often 
blocked  by  snow  and  Ice  and 
sometimes  ripped  off  by  high 
winds. 

Handles  on  doors  can  be  diffi- 
cult to  manipulate  by  personnel 
wearing  heavy  gloves  or  mittens. 


Remedy 


Partial  solutions  to  the 
problem  are  to  use  more 
Insulation,  Installation 
of  space  heater  as  low  as 
possible,  and  use  of  fans 
to  Increase  desired  cir- 
culation. 

Personnel  have  a tendency 
to  seal  up  shelters.  The 
temperature  Inside  a shel- 
ter depends  largely  on 
suitable  Insulation. 
Adequate  ventilation  Is 
essential  not  only  to  over- 
come the  difficulty  men- 
tioned, but  also  to  pro- 
vide fresh  air  and  to  re- 
move carbon  monoxide  gases, 
If  oresent. 

Roofs  must  be  capable  of 
withstanding  the  combined 
effects  of  strong  winds  and 
heavy  snop  and  Ice 
loads. 

Eaves  should  not  bn  used 
In  areas  with  oxtremely 
high  winds , as  the  roof 
may  be  blown  awey  as  a 
direct  result  of  their 
use.  Hlqh-pltched  roofs 
are  not  too  desirable, 
since  they  are  subject  to 
greater  wind  loads  than 
flat  or  low-pitched  roofs. 
They  also  waste  more  heat 
and  generally  are  more 
expensive. 

All  tyoes  of  doors  except 
those  swinging  outward 
are  acceptable. 


Door  handles  should  be 
Increased  In  size  or 
shaped  suitably. 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  <R«f,  13) 


Material 

Environmental  effect 

Remedy 

The  entrance  of  cold  air  and 
snow  through  doors  during  use 
is  objectionable. 

Vestibules  or  air  locks 
become  a practical 
necessity  during  the 
severe  cold  winter  and 
always  should  be  in- 
stalled. 

Windows 

Windows  are  generally  of  small 
importance.  During  the  winter 
they  transmit  no  light  to  the 
interior.  They  offer  an 
escape  of  heat  as  they  have 
poor  insulating  values. 

Ten tag* 

Single  thickness  tents  are  un- 
satisfactory. Icing,  due  to 
freezing  of  condensation  and 
melted  snow  on  the  canvas,  makes 
it  very  difficult  to  strike 
and  refold  tents  without 
tearing. 

Double  thickness  tents 
have  overcome  this 
difficulty. 

Lubricants 

Lubricants,  including  crank- 
case oils,  hydraulic  fluids, 
greases,  and  gear  oils  de- 
veloped for  warmer  weather  use 
are  generally  unsatisfactory  at 
very  low  temperatures,  causing 
channeling;  dry  gears  and 
bearings;  difficult  starting 
and  shifting;  quick  wear  ana 
deterioration  of  engines,  en- 
gine attachments,  and  chassis. 

Many  satisfactory  oils, 
greases  and  fluids  for 
use  at  low  temperature 
exist.  Use  of  the  re- 
commended lubricant  for 
each  specific  purpose 
is  required. 

Chassis 

lubrica- 

tion 

Snow  and  ice  at  low  tempera- 
tures cause  chassis  to  require 
frequent  lubrication. 

Chassis  lubrication  at 
500-mi  Intervals  is 
recommended  for  arctic 
operations . 

Wheel  grease 

Grease  stiffness  at  temperatures 
of  -3S°F  and  below  requires  re- 
placement of  bogie  wheels. 

Selection  of  the  latest 
recommended  grease  will 
reduce  the  difficulty. 
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DIFFICULTIES  PRODUCED  BV  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TVPES  OF 

GROUND  SUPPORT  EQUIPMENT  (R«f.  13) 


Naterlel 


Ball  bearings 


Engine 
lubrica- 
ting oil 


Fire  fighting 
equipment 

Fire  extin- 
guishers 


Fire  trucks 


Environmental  effect 


At  extreme  low  temperatures,  ball 
bearing  lubrication  difficulties 
are  experienced. 


Congealing  yf  lubricating  &1)  at 
low  temperatures  causes  exces- 
sive wear  when  cold  starting. 


At  low  temperatures,  fire  extin- 
guishers do  not  function  satis- 
factorily. The  fire  is  not 
blanketed,  extinguishing  ma- 
terials do  not  adhere  to  cell- 
ing or  overhead  fires,  tempera- 
ture of  burning  material  Is  not 
reduetd,  extinguishing  materials 
do  not  carry  through  the  air  with- 
out dangerously  high  pressure, 
and,  all  classes  or  f1res--Class 
A (Solldt),  Class  B (Liquids),  and 
Class  C (Electrical)— cannot  be 
fought  with  the  same  extinguisher. 

Low  temperatures  cause  trucks, 
pumps,  and  stored  water  to  freeze. 


Remedy 


Suitable  ball  bearing 
greesa  depends  upon  the 
timperature,  size,  spread 
and  load  of  the  bearings, 
and  the  quality  of  the 
lubricant.  Selection  of 
the  proper  special  pur- 
pose grease  Is  most  Im- 
portant. 

Lubricating  cl'!  mint  be 
kept  fluid  by  continuous 
heating  If  necessary 


Fluorlnated  hydrocarbons, 
dl bromodl f 1 uoromethane 
and  dlbromotetrafluoroe- 
thane,  are  the  most 
effective  for  all  classes 
of  fires  at  low  tempera- 
tures to  -65°F. 


Fire  trucks,  pumps  and 
stored  water  should  be 
kept  In  heated  shelters. 
Pumps  operated  by  the 
truck  engine  should  cir- 
culate the  water  enroute 
to  the  fire  and  piping 
should  be  Insulated. 

Trucks  should  be  winter- 
ized and  equipped  with  front 
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Materiel 


Environmental  effect 


Remedy 


Electrical 

power 

generating 

eaulpment 


Gasoline  and 
diesel 
drl  ven 
generating 
equipment 

Motor 

generators 


Insulation  in  buildings  and  shel- 
ters muffles  sound,  causing  dif- 
ficulty In  sounding  fire  alarms. 


wheel  drive,  and  low 
pressure  mud  and  snow 
tl res. 

Bells  are  more  effective 
than  gongs.  Hand  crank- 
ed sirens  are  most 
effective. 


The  major  difficulties  of  diesel 
and  gasoline  power  plants,  aggra- 
vated by  the  arctic  and  subarctic 
climates,  are  similar  to  those 
listed  under  vehicles,  self- 
propelled. 

Starting  Is  difficult  under 
extreme  cold  because  bearings 
and  journals  bind  due  to  dis- 
similar coefficients  of  expan- 
sion, and  because  of  lack  of 
lubrication  resulting  from 
solidification  of  lubricant. 

The  effect  of  dry  cold  air  Is 
Increased  wear  of  commutators 
and  brushes. 


Proper  design  and  materials 
eliminate  binding;  however, 
if  excessive  clearances  are 
used,  excessive  wear  occurs 
during  normal  operating 
temperatures.  Approved  low 
temperature  greases  should 
be  used. 


Vehicles 

Self-propelled 


Cold  starting  of  Internal 
combustion  engines  Is  a major 
problem.  Difficulty  In  starting 
begins  at  approximately  30°F  and 
becomes  progressively  worse  as 
the  temperature  decreases. 

More  engines  are  ruined  by 
towing  to  start  than  by  low 
temperatures. 


Extreme  caution  should  be 
exercised  to  avoid  doing 
damage  both  to  the  towing 
vehicle  and  the  vehicle 
being  towed. 


The  problem  with  cold  weather 
crankcase  lubricants  Is  created 
by  the  wide  range  In  temperature 
through  which  they  must  function. 
Designed  with  a low  viscosity  to 
allow  starting,  they  fall  as 
lubricants  when  they  are  brought 
up  to  operating  temperatures. 

Gasoline  and  diesel  fuels  have  the 
ability  to  dissolve  about  0. IX 
water.  At  very  low  temperatures 
this  water  comes  out  of  solution 
In  the  form  of  Ice  crystals  and 
obstructs  fuel  systems. 


This  can  be  avoided  by 
adding  to  the  fuel  small 


Tra<r.TTTmiien 


ess—of  low  molecular- 
weight  alcohols.  Heavier 
alcohols  are  less  effec- 
tive. Alcohol  should  be 
added  after  the  fuel  Is 
In  the  tank  and  not  In 
the  fuel  containers  or 
storage  drums. 


Drain  cocks  In  the  fuel 
tank  and  settling  bowls 
In  the  filter  houslnq 
should  bo  used  periodically 
to  retrove  accumu- 
lated water.  The  use  of 
oversize  fuel  lines  and  of 
fittings  smoothly  rounded 
on  the  Inside  Is  an  added 
Insurance.  Fuel  tank 
should  be  kept  as  full  as 
possible  and  should  be 
full  when  parked  over* 
night.  All  snow  or  Ice 
should  be  removed  from 
dispensing  equipment 
and  from  around  fuel  tank 
filling  cap  before  remov* 
Ing  cap  to  refuel  vehicle. 

The  use  of  Ice  fog  suppres- 
sors are  of  some  value. 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 
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Materiel 


Environmental  effect 


Remedty 


can  be  serious  enough  to  re- 
strict operations  and  bring 
about  hazardous  conditions. 


Conventional  coolants  and 
hydraulic  fluids  congeal  at 
extremely  low  temperatures. 
Protection  at  -80  F,  lowest 
storage  temoerature,  against 
freezing  is  inadequate. 

Long  arctic  nights  require 
more  than  temperate  zone 
lighting  capacity. 

Operators  are  handicapped  In 
operating  controls  with  heavy 
arctic-type  gloves. 


Trucks, 
personnel 
carriers, 
tractors,  and 
towing  vehicles 


Gasoline 
engines: 
trucks  and 
personnel 
carriers 


The  primary  problem  in  gaso- 
line engines  Is  cold  starting. 


Special  coolants  and 
hydraulic  fluids,  fairly 
satisfactory  for  use  at 
extremely  low  temperatures, 
have  been  developed. 


Larger  generators  should 
be  Installed. 


All  control  knobs,  handles, 
keys,  levers,  etc.  that  the 
operator  uses  should  be 
spaced  and  of  suitable 
shape  so  that  they  can  be 
operated  while  wearing 
gloves. 


Engines  should  be  maintained 
in  good  mechanical  condition. 
Arctic  lubricating  oils 
must  be  used  with  low  vis- 
cosity and  fluidity  charac- 
teristics. Preheating  of 
engine,  using  externally 
applied  heat,  aids  In 
starting.  Frigid-type 
storage  batteries  should 
be  used.  Gasoline  should 
be  sufficiently  volatile 
and  should 
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Environmental  effect 


Ignition  systems  fall  If  not  ad- 
justed or  conditioned  for  cold 
weather. 


Condensers  are  adversely  affect- 
ed-by  the  cold;  excessive  pitting 
of  the  points  results. 

Moisture  condenses  and  accumu- 
lates on  spark  plugs  forming  a 
coating  of  Ice  an"4  causing  short 
circul  ts. 

At  reduced  voltages  (basically 
due  to  the  subrero  temperature 
effect  on  battery)  spark  plugs 
set  at  normal  gap  setting  do 
not  give  hot  sparks,  the  normal 
setting  being  excessive. 

The  metering  characteristics  of 
of  some  carburetors  are  serious- 
ly changed  by  low  temperatures. 
This  results  from  contraction 
of  the  various  parts. 


Remedy 


possess  quick  starting 
characteristics. 

At  about  -2Q°F  and  below 
starting  fluids— highly 
volatlle-at-low- tempera- 
tures fuels— will  aid 
cold  starting  (but  their 
effect  Is  less  pronounced 
than  for  diesel  engines). 
Starting  techniques  and 
procedures  should  be 
known  and  practiced  by 
operators. 

The  contact  points  of 
distributors  should  be 
brouqht  closer  together 
than  •recommended  for 
temperate  zone  operation. 
The  Ignition  timing  should 
be  retarded  from  the  set- 
ting recommended  for 
temperate  zone  operation. 

The  condensers  should  be 
replaced  with  those  having 
lower  capacitance. 

Keep  soark  plugs  clean  and 
free  of  Ice  and  moisture. 


Spark  plugs  of  higher  heat 
range,  especially  those 
with  smaller  electrodes, 
have  better  performance 
characteristics.  Spark 
gap  should  be  reduced. 
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DIFFICULTIES  PRODUCED  BY  THE  ARCTIC  AND  SUBARCTIC  ENVIRONMENT  ON  VARIOUS  TYPES  OF 

GROUND  SUPPORT  EQUIPMENT  (Ref.  13) 


Materiel 


Environmental  effect 


Remedy 


Diesel 
engines: 
tractors  and 
towl ng 
vehicles 


The  primary  problem  In  diesel 
engines  Is  cold  starting.  Once 
an  engine  Is  started,  the  effects 
of  cold  are  somewhat  reduced. 


Engines  should  be  main- 
tained In  good  mechanical 
condition.  Proper  heavy 
duty  arctic  lubricating 
oils  must  be  used  with 
low  viscosity  and  fluidity 
characteristics.  Since 
diesel  engine  bearing  loads 
are  usually  higher  than 
gasoline  engines,  lubricat- 
ing oil  should  not  be 
dl luted  to  ease  hard 
starting.  Preheating  of 
engine  using  externally 
applied  heat  will  aid 
materially.  At  subzero 
temperatures  starting 
fluids  will  assist  cold 
starting  appreciably. 

Diesel  fuels  must  have  a 
pour  point  sufficiently 
low  to  allow  flow  and  pre- 
vent precipitation  of  waxes. 
Using  a fuel  of  80  octane, 
which  Is  considered  high  In 
Ignition  qualities,  start- 
ing can  be  accomplished 
only  to  0°F.  For  this 
reason,  starting  aids  are 
mandatory.  Starting 
techniques  should  be  known 
and  practiced  by  operators. 


Transmission 
and  differ- 
ential 
gearing 


Transmissions  and  differentials 
are  not  equipped  with  devices 
(and  In  most  cases  are  not 
accessible)  for  keeping  them 
warm  during  operation.  If 
the  lubricant  Is  not  suffi- 
ciently fluid,  gears  will  run 
dry,  On  Task  Force  Frigid, 
over  13  transmissions  and  13 
clutch  fai  lures  occurred  among 
y6  vehicles,  mainly  produced 
by  stiff  lubricants. 


Only  approved  gear  lubri- 
cants of  low  viscosity 
must  be  used.  Protection 
Is  available  to  -65°F  by 
using  special  grease  pre- 
pared from  light  lubri- 
cating oils. 
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Materiel 

Environmental  effect 

Remedy 

Shifting  of  gears  hecomes  pro- 
gressively more  difficult  as 
temperatures  decrease.  It  often 
is  impossible  to  shift,  from 
neutral  until  the  transmission 
has  been  heated  due  to  internal 
friu'on  or  applied  heat. 

Automatic  transmissions 
have  operated  satisfacto- 
rily in  field  tests . 

Starting  motors  frequently  are 
fouled  by  oil  dripping  from  other 
parts  of  the  engine. 

Proper  maintenance  should 
remove  this  difficulty. 

Hardening  of  the  oil  at  extreme 
low  temperature  keeps  the  gears 
i from  meshing  and  also  tends  to 
keeD  them  in  mesh  after  the 
engine  starts . 

Chassis 

The  formation  of  ice  and  snow  on 
chassis  parts  has  an  adverse 
effect.  Water  vapor  condenses 
within  the  warm  mechanisms  and 
forms  ice  particles. 

Grease  chassis  frequently; 
500  mi  is  a recommended 
interval . 

i 

Open  cockpits  offer  little  pro- 
tection for  personnel  from  the 
elements  in  ' winter  and  from 
Insects  in  s 'r. 

Completely  enclosed  cabs 
should  be  used.  They 
should  be  sufficiently 
wide  to  seat  men  in  arctic 
clothing  comfortably. 

They  should  have  suitable 
heaters  and  means  for  frost 
removal  from  all  windows, 
provisions  for  a quick  emer- 
gency escape,  and  should  be 
arranged  or  constructed  to 
keep  out  exhaust  gases. 

Traction 

Wheeled; 
trucks  and 
personnel 
carriers 

Wheeled  vehicles  are  of  little 
use  except  on  graded  roads  and 
fields.  Deep  soft  snow  limits 
their  use  even  on  graded  roads. 

Tracked  vehicles  are  indis- 
pensable arid  shoul  d be 
used. 
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Materiel 


Environmental  effect 


Remedy 


Fork-lift  type  vehicles  have 
difficulties  In  loading,  unload- 
ing, and  transporting  equipment 
and  supplies  for  comparatively 
short  distances  over  snow  cover- 
ed ground. 


Tracks: 
tractors 
and  tow- 
ing vehi- 
cles 


Mobility  of  heavy  tracked  ve- 
hicles Is  limited  over  arctic 
terrain. 


Easily  detachable  aggres- 
sive grousers  and  Ice 
cleats  should  be  provided 
for  use  with  heavy  track- 
ed vehicles. 


Trailers 


Track  breakage  accounts  for  a 
high  percentage  of  operating 
costs  of  a weasel . 


The  major  problem  Involved  In 
the  operation  of  any  type 
trailer  Is  to  provide  a uni- 
formly comfortable  working 
temperature  with  the  added 
complication  of  the  require- 
ment for  mobl  11  ty.  Uniform 
temperature  distribution  Is 
complicated  by  extreme  tem- 
perature differentials  bet- 
ween Inside  and  outside,  and 
the  characteristic  air 
stratification  associated 
therewith.  Floor-to-ceil Ing 
differentials  as  high  as  60  deg  F 
have  been  recorded. 


No  practical  method  has 
been  found  to  repair 
broken  track;  however,  In 
the  hands  of  careful  and 
experienced  drivers  and 
proper  maintenance,  it  Is 
capable  of  dependable  and 
continued  service. 

Properly  designed  forced 
circulation  and  distri- 
bution systems,  radiant 
heatars  and  adequate  In- 
sulation will  reduce  air 
stratification  to  a 
minimum  and  insure  comfort- 
able conditions  for  per- 
sonnel. 


The  usual  cold  starting 
difficulties  are  associated 
with  engine  driven  machinery 
in  unheated  trailers. 


External  sources  of  power 
can  be  provided  for  pre- 
heaters. Where  this  Is 
not  available,  the  self- 
contained  combust  Ion -type 
heaters  must  be  provided. 
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Remedy 

Dollies 

The  primary  difficulties  Involved 
In  handling  dollies  are  those 
associated  with  the  ability  of 
personnel  wearing  heavy  arctic 
clothing  to  maneuver,  hook  them 
up,  etc. 

Spare  parts 

Rubber  tires,  hoses,  gaskets, 
belting  and  other  nonmetal  11c 
parts  harden,  lose  their 
elasticity  and  compressibility 
and  become  brittle  at  tempera- 
tures below  -60°F. 

Some  of  the  relatively 
new  polymers  will 
Insure  resilience  at  much 
lower  temperatures. 

Tire  chains  wear  excessively  and 
cause  localized  abrasion  of  the 
tire  treads. 

Army  standard  Issue  chains 
provide  more  tractive 
effort,  are  more  durable, 
and  cause  less  abrasion 
than  other  types . 

Metering  characteristics  of  some 
carburetors  are  seriously  changed 
by  contraction  of  various  parts 
at  low  temperature. 

This  can  be  compensated  for 
by  proper  cold  adjustment 
and  readjusting  at  running 
heat. 

Sleds 

The  problems  Involved  are  the 
same  as  previously  discussed 
under  trailers. 

The  principal  problonis  concern- 
ing cargo  carriers  are  breakage 
of  runners , hltchlng-up  assem- 
blies, and  upset  Incident  to 
operation  over  rough  terrain. 

Winter!  za- 
1 1 on  kits 

The  major  difficulty  with 
winterization  kits  In  general 
Is  the  Inadequacy  of  heaters, 
the  fact  that  engine  compart- 
ment blankets  absorb  moisture 
and  subsequently  freeze,  ther- 
mostat controls  become  In- 
operative, window  defrosters 
are  Inadequate  and  the  com- 
bustion type  heaters  are  a 
f 1 re  hazard. 
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Climatic  and 
environmental 
control  equip- 
ment 

Air  heaters 

The  difficulties  encountered  with 
air  heaters  used  In  buildings  and 
other  shelters  for  housing  person- 
nel are  covered  under  "Electric 
Power  Generating  Equipment." 
Heaters  used  for  other  purposes 
are  covered  under  "Vehicles." 

Snow,  frost, 
and  Ice 
control 
for  parked 
aircraft 

The  major  difficulty  Is  the  re- 
moval of  ice  from  aircraft  wing 
and  tall  surfaces. 

The  most  universal  means 
of  removal  Is  the  appli- 
cation of  external  heat, 
preferably  hot  air. 

Snow,  frost, 
and  Ice 
removal 

Chemical  deicing  fluids  may  be 
toxic  or  corrosive.  Ice  melting 
effectiveness  decreases  rapidly 
with  reduced  temperatures,  but 
Is  still  quite  effective  at 
-15°F  and  may  not  freeze  down 
to  -40aF. 

Toxic,  Inflammable,  and 
corrosive  fluids  are  to 
be  avoided.  A solution 
of  lithium  chloride  con- 
taining a wetting  agent 
and  a corrosion  inhibitor 
Is  preferable 

Water  alone  may  run  down  and 
refreeze.  Steam  may  be  deflect- 
ed by  wind  or  overheat  metal  sur- 
faces . 

If  ambient  temperatures 
are  not  too  cold,  water 
can  be  removed  from 
pockets  before  freezing. 

Water  and  ice  phobic  materials 
are  difficult  and  tedious  to 
apply,  are  usually  Inflammable 
and  Injurious  to  human  skin 
and  eyes,  and  do  not  completely 
remove  Ice. 

External  heat  application  units 
may  not  be  available,  they  also 
require  large  amounts  of  fuel 
or  electric  power, 
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Photographic 

equipment 

Cameras 


Mechanical 

mechanisms 


Lrns  glass 
Projectors 


Film 


Environmental  effect 


Moisture  will  condense  on  all 
parts  of  cold  equipment  when  sud- 
denly  exposed  to  warm  air.  If  re- 
turned to  cold  air  moisture  will 
freeze  and  render  the  equipment 
useless. 


Mechanical  mechanisms  become 
sluggish  because  some  lubricants 
thicken  under  extreme  cold. 


Cameras  tend  to  bind  and  stick 
at  low-  temperatures  because  of 
differential  skrlnkage. 


It  Is  very  difficult  to  make 
fine  adjustments  when  wearing 
arctic  mittens,  or  to  load  film 
magazines  and  thread  film. 

Lens  glass  exposed  to  abrupt 
temperature  changes  may  check 
or  shatter. 

Projector  equipment  Is  usually 
more  permanently  Installed  and 
much  more  apt  to  be  adequately 
sheltered  than  cameras;  how- 
ever, all  the  difficulties  en- 
countered are  the  same,  if 
exposed  to  low  temperatures. 

Photographic  film  becomes 
stiff  and  brittle  on  exposure 
to  low  temperature,  low 
humidity,  or  a combination  of 
both. 


Remedy 


Cameras  Intended  for  oper- 
ation In  extreme  cold 
should  be  kept  at  that 
temperature  and  not  be 
brought  Into  heated 
shelters. 


Equipment  should  be  winter- 
ized by  lubricating  with 
special  low  temperature 
oils  or  operated  dry  if 
conditions  warrant. 

Delicate  mechanisms  may  need 
fine  adjustments  because  of 
shrinkage  and  differential 
contraction. 


Severe  thermal  shock  must 
be  avoided. 


Adequate  preventive  main- 
tenance and  careful  super- 
vision can  insure  maximum 
reliable  operation. 


Where  It  is  not  possible 
to  keep  the  film  warm,  It 
Is  possible  to  minimize 
the  difficulty  by  proper 
handling  techniques. 


I 
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Materiel 

Environmental  effect 

Remedy 

Covers  for  wings  are  too  heavy, 
bulky,  and  difficult  to  handle, 
especially  In  a high  wind,  for 
use  with  large  aircraft.  Un- 
heated rovers  will  absorb 
moisture  and  upon  refreezing 
will  stick  to  wing  surfaces. 
Heated  covers  require  large 
amounts  of  electric  power, 
especially  In  a high  wind. 

Personnel 

gear 

The  face,  hands,  and  feet  are 
hard  to  protect  during  periods 
of  high  wlndchlll  or  extreme 
temperature.  Protective  gear 
Is  bulky  and  may  cause  excessive 
perspiration.  The  mobility  and 
working,  efficiency  of  the  Indi- 
vidual while  outdoors  may  be 
reduced  to  5 - 10  percent  of  his 
normal  efficiency. 

This  situation  Is  Improv- 
ing continually  with  the 
development  of  face  masks, 
gloves,  mittens,  and  foot 
gear. 

Electrical 
systems;  per- 
manent and 
portable 
field  light- 
ing, flood- 
lights, and 
components 

Portable 

lighting 

masts 

Telescopic  legs  and  their  locks 
become  frozen  with  Ice  and  in- 
operative In  low  temperature 
areas. 

Crowfoot  masts  are  readily 
transported  and  set  up. 
They  resist  high  winds  and 
low  temperatures  and  eli- 
minate telescopic  members 
and  the  locking  devices. 

Electro- 

magnetic 

relays 

Electromagnetic  rc’ays  become 
inoperative  due  to  Ice  formation 
on  conductive  parts  in  low 
temperature  areas. 

Electromagnetic  relays  pro- 
tected by  hermetic  seals 
prohibit  the  entrance  of 
moisture  to  vital  parts. 
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Batteries  for 
floodlights 
on  equip- 
ment 

Use  of  batteries  as  the  power 
source  for  flood  lights  In 
power  equipment  Is  unsatis- 
factory In  the  arctic. 

Other  power  sources  should  ; 

be  used. 

Floodlights 

Silver  emulsion  loses  effec- 
tiveness at  -40°F  and  peels 
at  -65°F. 

i 

i 

Cable 

Cable  Insulation  at  extreme 
low  temperatures  becomes 
stiff  and  difficult  to 
work  with  and  may  crack. 

The  use  of  polyvinyl 

chloride  compounds  at  j 

extremely  low  temperatures  I 

offars  no  problem,  provided  j 

they  are  not  flexed 
sharply. 

Special  low  temperature 
compounds  are  available 
that  flex  at  -76°F,  but 

they  are  not  flameproof  nor  , 

oil  and  solvent  resistant. 
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time  only,  and  (4)  ground  generally  un- 
frozen, wet,  and  muddy.  The  island  of 
Adak,  Alaska,  was  selected  because  its 
climate,  offering  the  worst  in  cold-wet 
weather  for  u continuous  period  of  from  4 
to  5 mo,  represents  the  extreme  of  this  type 
with  frequent  and  violent  windstorms.  The 
first  test,  a 10-day  field  maneuver,  was  held 
in  December.  During  this  maneuver,  Task 
Force  Williwaw  moved  into  the  field  to 
prepare  defensive  positions  and  to  determine 
the  problems  involved  and  the  probable 
tactical  efficiency  of  such  positions  in 
cold-wet  climates. 


In  January,  a second  10-day  field  maneu- 
ver was  carried  out.  The  tactical  phase, 
climaxed  by  firing  exercises,  included 
marches  of  approximately  28  mi  over 
mountainous  terrain.  During  this  test  the 
weather  was  unusually  cold -the  ground  was 
frozen  for  most  of  the  time-so  that 
mobility  of  some  of  the  support  vehicles  was 
sufficient  to  provide  supply  curability. 
Tentage,  clothing,  weapons,  und  individual 
equipment  were  studied  during  the  problem, 
Tests  of  other  items  included  prefabricated 
trailer-mounted  kitchens  that  were  adapted 
especially  for  cold  weather  operations.  Also, 
an  experimental  study  was  conducted  to 
ascertain  the  relative  effects  of  cold-wet 
conditions  on  the  efficiencies  of  personnel. 


The  third  field  exercise  was  conducted  for 
10  days  during  February.  Major  problems 
studied  during  this  period  were  methods  of 
weapon  und  equipment  portability,  the 
determination  of  distance  and  time  problems 
encountered  during  marches  over  the  rugged 
terrain  of  Adak,  the  ever-present  logistic 
problems,  and  a 48-hr  foxhole  exposure  test 
designed  to  determine  the  limits  of  exposure 
lor  individuals  in  cold-wet  climates. 


The  effects  produced  by  the  cold  wet 
climate  und  terrain  encountered  during  Tusk 
Force  Williwuw  are  detailed  in  the  para- 
graphs that  follow. 


4-3.2. 1 Motor  Vehicles 

Vehicular  mobility  was  limited  on  the 
terrain  of  Adak  island,  inability  to  use 
wheeled  or  heavy,  trucked  vehicles  affected 
ail  elements  of  both  tactical  and  support 
operations.  The  terrain  is  covered  with  a 
thick  mass  of  vegetation  consisting  of 
grasses,  mosses,  lichens,  and  other  small 
plants,  This  vegetation  is  interwoven  closely 
und  varies  in  depth  from  a f ev/  inches  to 
more  than  a foot.  It  provides  excellent 
insulation  and,  even  in  below  freezing 
temperatures,  the  ground  beneath  is  seldom 
frozen.  A peculiarity  of  this  heavy  mat  is 
thut  few  roots  extend  deeply  into  the 
ground.  Consequently,  no  bond  connects  the 
vegetation  and  the  muck  beneath  it.  This 
vegetation  has  been  described  us  being  like 
“a  rug  on  a muck  floor".  The  black  muck 
beneath  the  vegetation  varies  from  6 in.  in 
depth  on  slopes  to  several  feet  on  the  flats. 
It  has  a jellylike  consistency  und  shakes 
perceptibly  over  a lurge  area  when  vehicles 
cross  it.  The  moisture  content  of  the  ground 
is  very  high.  Even  on  slopes,  the  water  level 
is  within  u few  inches  of  the  surface,  'fills 
terrain  provides  little  support  or  traction  for 
the  pussuge  of  vehicles,  und,  once  a vehicle 
breaks  through  the  mat  of  vegetation,  it 
becomes  embedded.  When  this  terrain 
freezes  to  a depth  of  3 In.  or  more,  it  offers 
un  adequate  foundation  for  the  passage  of 
all  but  the  heaviest  wheeled  and  tracked 
vehicles.  When  the  terrain  is  unfrozen 
(normal ),  all  wheeled  vehicles  und  all  tracked 
vehicles  having  ground  pressures  of  over  9 lb 
in.'1  ure  road-bound  for  all  practical  purposes. 
For  steep  slope  operation,  the  muximuin 
ground  pressure  is  5 lb  in.  3.  An  illustration 
from  another  area  of  failure  of  tracked 
vehicles  on  soft  terrain  is  shown  in  Fig.  4-7. 

4-3.2. 2 Sub* i stance  Material 

A brief  discussion  of  subsistence  items 
follows: 

(I)  Rations  and  messing  Weuther  arid 
terrain  had  the  greatest  effect  on  messing 
procedures  end  ration  supply.  The  extremes 
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(A)  In  aoll 


<B)  In  snow 

Figure  4-7 . Failure  of  Tracked 
Vehicles  (Ref.  14) 


encountered  complicated  many  problems  of 
supplying,  feeding,  and  preparing  rations 
especially  for  frontline  troops  that  could 
not  be  overcome  by  the  equipment  and 
methods  normally  used.  Although  fog  and 
low  ceiling  conditions  had  no  effect  on 
feeding,  the  winds  with  velocities  up  to  ilO 
mi  hr'1  and  the  great  amount  of  preeipha- 
tion  made  the  operation  of  all  unsheltered 
stoves  difficult  and  at  times  impossible,  The 
problem  of  bringing  food  to  the  company 
urea  was  primarily  one  of  transportation  and 
supply.  At  times  man-packing  was  the  only 
solution.  Free-dropping  and  parachute  drop- 
ping from  aircraft  were  accomplished  suc- 
cessfully several  times  but  were  not  a 
reliable  means  of  supply  because  of  the 
frequent  low  ceilings  and  high  winds.  The 


number  of  days  during  the  month  when 
Hying  was  possible  was  very  limited.  Other 
problems  were  encountered  in  field  heating 
of  individual  rations.  No  heat  tablets  or 
stoves  used  were  sufficient  for  heating  of 
rations  during  the  high  winds  encountered. 
Extreme  temperatures  were  never  a serious 
problem.  Both  low  and  high  extremes 
encountered  were  no  worse  than  in  cold 
temperate  climates.  Special  problems  were 
caused  by  extremes  of  wind  and  precipita- 
tion an-'  the  unusually  soft  and  rugged 
terrain  at  Adak,  Cooling  of  food  by  the  high 
winds  was  a particular  problem  when  warm 
or  hot  food  was  placed  in  metal  containers 
such  as  the  standard  metal  tray  or  in 
individual  mess  kits  made  of  stainless  steel 
or  aluminum.  Rapid  cooling  usually  occurred 
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since  little  shelter  from  the  wind  was 
available,  with  the  result  that  most  food  was 
cold  before  it  could  be  eaten. 

(2)  Sleeping  equipment  anti  tents,  The 
mountain  sleeping  bag  was  used.  It  was 
sufficiently  warm  for  all  conditions  en- 
countered when  adequate  protection  from 
ground  moisture  and  from  snow  and  ruin 
was  available.  Some  type  <of  insulation  under 
the  sleeping  bag  was  found  to  be  a necessity. 
The  bag  was  carried  by  the  soldier  but 
constituted  the  major  bulk  of  the  soldier’s 
pack,  making  It  cumbersome  to  carry, 
Protection  from  ground  moisture  was  re- 
quired at  all  times  with  a waterproof  ground 
clothing  of  some  type.  The  poncho  was 
suitable  for  this  purpose,  After  several 
consecutive  nights  of  use,  sleeping  bugs 
became  damp  as  a result  of  perspiration,  and 
it  was  necessary  to  dry  them  out.  Tents  and 
heaters  were  used  but  were  not  very 
satisfactory,  A means  of  removing  moisture 
from  the  bag  rapidly  under  eoid-wet  condi- 
tions would  be  extremely  useful.  The 
sleeping  bag  could  not  be  used  in  the  open 
without  some  type  of  shelter  since  the 
strong  winds  blew  snow  und  ruin  into  the 
bag. 

The  floorless  tents  presented  un  important 
and  difficult  problem.  The  fibrous  soil 
common  on  Aduk  retains  water  in  a manner 
similar  to  that  of  a sponge.  When  u bed  roll 
or  sleeping  bag  is  placed  on  the  ground,  the 
pressure  of  the  individual  in  the  bag  forces 
the  water  out  of  the  ground  und  cuuscs  the 
sleeping  bag  to  become  extremely  wet. 
Makeshift  tloors,  consisting  of  old  cunvus 
tarpaulins,  ponchos,  and  boards,  were  used 
to  correct  this  problem,  Some  type  of  floor 
appears  necessary  as  a component  part  of  uli 
tents.  The  only  tent  tested  with  a floor  was 
also  extremely  unsatisfactory  because  it  did 
not  have  a means  to  let  water  drain  out.  As 
a result,  occupants  become  just  as  wet  us 
those  individuals  in  a floorless  tent. 

All  tents  tlup  vigorously  during  winds, 
causing  the  coating  to  be  whipped  off 
plastie-eoatcd  tents.  Constant  flexing  also 


caused  all  tent  materials  to  become  weather- 
beaten anu  badly  worn  utter  2 or  3 weeks  of 
use,  permitting  rain  to  penetrate  through  the 
tents  und  cuusing  occupants  und  their 
equipment  to  become  extremely  wet.  During 
medium  winds  ranging  from  30  to  75  mph 
accompanied  by  rain  or  snow,  wind  blows 
the  rain  or  snow  through  the  material  of  ull 
tents,  many  tents  are  ripped,  center  poles 
and  ridge  poles  break,  und  moisture  flows 
through  the  entrances  and  through  the 
stovepipe  exits.  During  winds  of  hurrlcunc 
velocities,  75  to  110  mph.  no  tents  tested 
were  uble  to  withstand  the  pressure  exerted 
upon  them,  und  all  were  destroyed, 

Wutcrprooflng  of  the  tent  und  condensa- 
tion within  are  closely  related.  One  Impervi- 
ous tent  wus  tested.  Excessive  condensation 
was  always  present  inside  the  tent.  All  other 
tents  were  mude  of  u permeable  muterial  und 
although  condensation  wus  not  u problem 
moisture  could  penctruto,  Shelter  halve*  und 
the  two-man,  mountain  tents  were  used,  The 
shelter  hulves  llup  und  jenk  during  nigh 
winds,  In  muny  cases,  the  pins  ure  pulled 
out  of  the  grouni  or  the  upright  poles 
broken,  After  u snort  time  In  die  fie  I the 
buttons,  button  holes,  und  rope  loops  tear 
out,  decreasing  the  efficiency  of  the  ten’  us 
u shelter.  Rain  und  snow  blow  through  the 
closure  where  the  two  shelter  halves  button 
together,  causing  the  occupants  und  their 
equipment  to  become  .vet.  The  two-man 
mountain  tent,  u lightweight,  one-piece  tent 
with  un  integral  floor.  Is  plastic  coated. 
During  high  winds,  the  plastic  coating  olew 
off  the  fabric,  ullowlng  ruin  und  snow  to 
enter  the  tent,  Gusts  of  wind  of  a velocity 
of  25  mph  or  more  exert  pressure  on  the 
sides  und  ends  of  the  tent  and  cause  the 
poles  to  breuk.  When  the  poles  and  pegs 
were  rolled  up  v ilh  the  tent,  muny  small 
holes  were  punched  in  the  material,  causing 
the  tent  to  leak.  After  a short  time,  wutcr 
penetrates  through  holes  of  the  flooring  of 
the  tent,  causing  the  occupants  und  their 
equipment  to  become  wet.  Both  shelters 
were  unsatisfactory  for  use  under  colu-wet 
conditions. 
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Four  types  of  tents  were  used  for  group 
sleeping:  two  American,  a Japanese,  and  a 
Swedish.  None  were  satisfactory  under 
conditions  encountered  by  the  task  force.  It 
was  nearly  impossible  to  prevent  moisture 
from  entering  through  the  door  closures, 
stovepipe  exits,  or  through  the  canvas  itself. 
Construction  of  the  tents  was  not  strong 
enough  to  withstand  high  winds  and  the 
uninsulated  stovepipe  exits  on  many  of  the 
tents  were  fire  hazards. 

Three  types  of  rigid  shelters  were  used  for 
group  sleeping:  the  portable  squad  shelter, 
the  16  X 32  ft  Jamesway  shelter,  and  the  24 
X 48  fv  Jamesway  shelter.  Portable  squad 
shelters  consisted  of  units  equipped  with  a 
plywood  roof  or  an  aluminum  roof.  They 
were  completely  unsatisfactory  in  winds  over 
35  mph,  Roof  panels  blew  out,  canvas  ends 
blew  out,  and  in  winds  of  over  75  mph  the 
entire  structure  was  destroyed, 

(3)  Clothing,  Footgear  was  generally  satis- 
factory; however,  leather  footgear  leaks 
excessively,  Shell  leather  gloves  and  field 
caps  were  generally  satisfactory  under  calm 
conditions.  Water-repellent  outer  garments 
are  generally  satisfactory  under  calm  condi- 
tions with  some  slight  fcukage  after  pro- 
longed exposure  to  rain.  Under  gale  winds, 
30  to  75  mph,  the  outer  garments  become 
wet  unless  covered  by  waterproof  shells,  but 
leakage  through  water-repellent  and  wind-re- 
sistant  garments  still  occurs.  Under  condi- 
tions of  hurricane  winds,  75  to  100  mph  (u 
run:  condition),  the  feet  become  cold  eusily 
when  dad  with  leather  footgear  if  the 
soldier  is  not  active,  Shoe  packs  were 
generufy  satisfactory  even  under  these  con- 
ditions. Gloves  were  unsatisfactory  below 
25°F.  All  leather  and  leather-cloth  combina- 
tions absorbed  excessive  moisture  and 
created  problems,  and  top  garments,  even 
those  that  are  water-repellent  and  wind-rcsis- 
u.it,  provide  inadequate  protection  from  the 
cold  and  rain. 

4 3.2.3  Support  Operations 

In  support  of  the  tactical  exercises,  u 


number  of  additional  personnel  were  em- 
ployed including  medical,  quartermaster, 
signal  corps,  and  engineer  personnel.  The 
overall  environmental  impact  on  the  ability 
of  these  support  elements  to  perform  their 
functions  is  discussed  in  the  subparagraphs 
that  follow: 

(1)  Engineer.  Among  the  problems  en- 
countered by  engineering  forces  were  the 
poor  bearing  quality  of  the  soil,  poor 
drainage,  and  the  high  rate  of  precipitation. 
These  conditions  necessitated  continuous 
maintenance  of  the  road  network  in  order 
for  It  to  remain  passable,  Thu  roads  were 
important  because  engineer  tractors  with 
standard  tracks,  when  used  as  prime  movers 
lor  cross-country  operations,  readily  cut 
through  the  tundra  and  became  immobilized. 
Most  materiel  of  uny  size  and  weight  und  all 
wheeled  vehicles  were  confined  to  roads,  and 
it  was  necessary  to  employ  low  ground 
pressure,  truck-luylng  vehicles  for  required 
cross-country  transportation  of  personnel, 
equipment,  or  materials.  Although  proved 
satisfactory,  the  cargo  capacity  of  the 
carriers  was  extremely  limited  und  a greut 
number  of  vehicle  hours  und  trips  were 
required,  Another  problem  resulted  from  the 
barren  nature  of  the  terrain  with  its  limited 
umount  of  natural  resources.  Tills  required 
that  all  engineer  materials,  with  the  excep- 
tion of  aggregate,  be  supplied  from  an 
outside  source,  particularly  timber,  which 
was  nonexistent  in  the  urea. 

(2)  Signal.  The  cold-wet  climate  provided 
very  little  hindrance  to  operation  of  radio 
equipment.  Since  most  of  the  sets  were 
mounted  in  vehicles,  operators  were  pro- 
vided with  heated  shelters  in  order  to 
maintain  efficiency.  Maintenance  und  Instal- 
lation are  also  more  difficult  unless  shelters 
are  provided.  Communication  lines  cannot 
be  laid  as  rapidly  in  cold-wet  ureas  us  under 
more  fuvorublc  conditions  because  the  line- 
man’s efficiency  Is  reduced  by  the  necessity 
of  weuring  gloves.  Splicing  and  tying  wire  is 
difficult  under  these  conditions,  when  main- 
taining the  tines  as  well  as  when  making 
initial  installations.  High  winds  necessitated 
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some  protection  for  radio  sets  that  were  not  Cold-wet  conditions  complicated  by  high 

waterproof  and  made  overhead  lines  break  winds  and  tundra  such  as  encountered  on 

or  become  shorted  at  the  tiepoint.  Truck-lay-  Adak-posed  further  problems.  Recovery, 

ing  vehicles  capable  of  tundra  passage  were  evacuation,  and  field  maintenance  is  difficult 
required  for  wire  construction  crews  and  because  all  wheeled  and  heavy  trucked 

passengers.  Even  in  van-mounted  equipment.  vehicles  are  roadbound.  The  performance  ot 

the  operator  must  wear  gloves  or  suffer  front  maintenance  personnel  was  reduced  signifi- 

cold  and  numb  fingers.  Efficiency  of  radio  cuntly,  particularly  in  winds  in  excess  of  30 

operators,  switchboard  and  teletype  oper-  mph  with  accompanying  rain,  sleet,  snow,  or 
ators,  and  linemen  is  reduced  approximately  ground  fog. 

20  percent  (unless  heated  shelters  are 

provided).  Tito  maintenance  tent  on  two  occasions 

collapsed  when  the  wind  velocity  reached 

(3)  Quartermaster,  Because  wheeled  vehi-  approximately  75  mph.  The  presence  of 

cles  cannot  traverse  the  tundru,  extensive  numerous  lakes  and  streams  in  such  arcus 

road  networks  are  necessary  for  normal  makes  waders  or  amphibious  suits  necessary 

operation  of  quartermaster  units  on  tundru  for  recovery  operations  of  partially  sub- 

under  cold-wet  conditions  with  the  equip-  merged  materiel.  Because  of  the  difficulty  of 

ment  normally  used  by  quartermaster  units.  cvucuuting  heavy  materiel  over  unfrozen 

However,  If  quartermaster  units  are  required  terrain,  contact  parties  should  be  prepared 

to  operate  in  forward  areas  with  no  hard  to  perform  a maximum  umount  of  “ou  tlie- 

surface  roads,  full-tracked,  low  ground  pres-  spot"  maintenance  when  roads  are  liiado- 

sure  cargo  vehicles  are  required,  Shelters  ure  quute. 

required  for  mobile  installations  such  us 

bukery,  laundry,  and  shower  units.  More  (5)  Medical  units,  Mud  and  the  possibility 

than  average  amounts  of  dunnage  are  of  deep  snow  make  the  use  of  trucked 

necessary  to  keep  supplies  and  equipment  vehicles  u necessity  for  medical  troops  and 

above  the  tundra,  Normal  dunnage  over  equipment  in  this  uttvironment,  The  cold-wet 

pierced  planking  Is  satisfactory,  Shelter  from  conditions  make  rapid  evacuation  of  the 

both  high  winds  and  precipitation  is  neeos-  patient  from  the  field  essential  because  of 

sary  for  supplies  and  equipment  in  field  the  increased  tendency  of  a wounded  patient 

dumps,  Turpaulins  must  be  well  secured  to  go  into  shock  when  left  exposed  for  any 

because  of  unusually  high  winds.  Artificial  length  of  lime.  Without  trucked  vehicles, 

camouflage  of  dumps  Is  necessary  because  of  great  difficulties  were  experienced  in  getting 

the  lack  of  trees  ami  bushes  in  most  tundru  patients  to  the  battalion  aid  stations.  Ibe 

areas.  Additional  personnel  and  supporting  limited  umount  of  snow  on  the  ground 

supplies  ure  necessary  because  the  difficulty  seldom  permitted  the  use  of  a toboggan  or 

of  working  in  bulky  clothing  and  the  skis  in  evacuation.  It  was  usually  necessary 

additional  effort  required  from  each  man  for  to  hutid-eurry  all  patients.  In  one  case  during 

his  own  personal  welfare  and  comfort  reduce  the  December  exercise.  It  required  20  men 

efficiency  an  estimated  20  percent.  to  curry  one  patient  a distance  of  approxi- 

mately 4 mi. 

(4)  Ordnance  maintenance.  Ordnance 

maintenance  units  arc  confronted  with  The  patient  must  be  kept  warm  and 

various  problems  personnel  efficiency  is  protected  from  the  elements.  Standard 

lowered;  field  inaintemuie"  requires  shelter;  methods  are  satisfactory  with  regard  to 

ventilated  work  clothing  is  needed;  and  warmth  hut  the  mountain-type  sleeping  b"' 

unpackaged  supplies  require  protection  from  used  to  protect  the  patients  was  unsatisfuc- 

the  elements.  Rate  of  movement  is  influ-  tory  in  providing  accessibility  to  the  patient 

enced  by  snow  depth  and  poor  visibility  and  roominess.  Eor  example,  it  was  oxtrcmc- 

during  heavy  ruin,  snow,  or  ground  fog.  ly  difficult  to  place  a patient  with  a leg 
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splint  into  one  of  these  sleeping  bags.  As 
with  all  other  units,  suitable  temporary 
shelters  from  the  high  winds  were  not 
available. 

4-3.2.4  Tactical  Operations-llnits 

The  effects  of  the  cold-wet  climate  and 
the  terrain  of  Aduk  on  various  elements  of 
the  tactical  operation  are  given  in  the 
following  subparagraphs: 

(1)  Infantry,  Cold-wet  conditions  compli- 
cate life  for  infantrymen  In  the  field. 
Because  of  the  large  amount  of  precipita- 
tion, waterproof  clothing  is  a necessity, 
When  wearing  this  waterproof  clothing 
during  strenuous  work,  vcntilutlon  is  a major 
problem.  Special  waterproof  footgear  and 
handgear  are  needed  but  they  greatly  limit 
dexterity  and  add  weight  to  the  soldier’s 
combat  load,  Keeping  dry  while  sleeping  is  u 
problem  and  condensation  present  inside 
waterproof  equipment  udds  to  an  individ- 
ual’s discomfort.  The  prevalent  fog.  rain,  and 
snow  limit  visibility,  which  in  turn  reduces 
defensive  sectors,  slows  movement  slightly, 
limits  reconnaissance,  und  bumpers  com- 
munications. The  tundra  and  high  winds 
encountered  complicated  the  cold-wet  prob- 
lems immensely. 

The  most  pressing  complication  was  the 
effect  on  movement.  The  lack  of  suitable 
vehicles  required  the  individual  soldier  to 
curry  on  his  hack  ull  the  necessities  of  life  as 
well  as  his  lighting  equipment.  Crew-serviced 
weapons  are  of  excessive  weight,  and 
insufficient  ammunition  can  be  carried  by 
presently  authorized  erews.  Individual  equip- 
ment, shelters,  and  sleeping  gear  are  also  too 
heavy  and  burden  the  individual  until  he  is 
no  longer  an  effective  fighting  man.  Wlkii 
operations  are  curried  out  in  mountainous 
terrain,  movement  is  an  even  greater  prob- 
lem. In  addition,  resupply  and  communica- 
tion are  extremely  difficult.  High  winds 
caused  additional  difficulties  men  become 
wet,  cold,  and  more  easily  futigued;  supply 
and  communications  failed;  and  tents  were 
destroyed  or  dumuged.  Digging  is  unsatisfac- 


tory since  excavation:-;  only  a few  feet  deep 
liil  with  water,  No  timber  or  brush  is 
available,  so  all  shelter  must  be  carried  by 
the  troops.  Rations  ure  a miyor  problem, 
Since  mobile  kitchens  arc  road  bound, 
troops  cannot  be  fed  hot.  kitchen-cooked 
meals  but  must  curry  operational  rations  und 
the  means  of  heating  them.  These  rutions 
and  cooking  equipment,  together  with  meat 
cans  and  eating  tools  contribute  to  the 
weight  of  the  soldier’s  puck.  Further,  it  is 
impossible  to  heut  operational  rations  to  u 
pulutuble  temperature  in  winds  over  30  mph. 

Some  of  the  problems  encountered  with 
weapons  curried  by  infantrymen  were: 

(a)  Wooden  rifle  stocks  swelled  when 
exposed  to  cold-wet  conditions  for  short 
periods  of  time,  causing  opcrutir.g  parts  to 
bind. 

(b)  Metul  parts  on  all  weupons  rusted 
easily  und  necessitated  constant  mainte- 
nance, 

(c)  Driving  snow  and  rain  blow  into  the 
objective  lens  of  telescopic  sights  on  rifles; 
moisture  collected  on  the  lens  and  the  i'iror 
could  not  sec  his  turget. 

(d)  Sight  adjustments  were  difficult  to 
muke  on  all  weupons  whenever  gunners  were 
wearing  mittens  or  gloves. 

(e)  The  trigger  guard  ot  the  carbine  was 
too  small  to  ullow  for  satisfactory  firing 
when  the  filer  was  wearing  mittens  or 
gloves. 

(f)  Some  of  the  larger  weupons  wore  so 
heuvy  they  could  not  be  carried  with  normal 
complements  of  men. 

(g)  Some  problems  were  encountered 
with  mortar  stability  in  the  tundra  terrain. 
Belli  60  and  SI  mm  mortars  settled 
improperly  whenever  fired  on  the  soft 
tundra.  They  continued  to  sink  into  the 
ground  and  slide  to  the  rear  with  each  round 
fired.  In  some  eases  the  mortars  became 
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inoperative  after  approximately  three  rounds 
because  the  mortar  sank  so  deeply  into  the 
ground  that  the  piece  would  not  function. 
To  stabilize  the  weupons,  It  was  necessary  to 
dig  a hole,  fill  sandbags  with  the  soil,  place 
sandbags  in  the  holes,  place  the  baseplate  on 
ttie  sandbags,  and  then  place  additional 
sandbags  on  the  baseplate.  No  problem  was 
experienced  when  firing  mortars  on  frozen 
tundra. 

(h)  White  phosphorus  projectiles  were 
satisfactory  except  when  winds  were  higher 
than  10  mph.  When  the  wind  was  blowing  at 
10  mph  or  more,  the  smoke  dispersed  so 
rapidly  that  an  effective  cloud  could  not  he 
established, 

(i)  Severe  problems  were  experienced 
with  optical  equipment.  Blowing  rain  und 
snow  collect  on  objectives  and  lenses, 
limiting  vision.  No  optical  instruments  func- 
tioned efficiently  in  the  ha/e,  fog,  ruin,  uiul 
snow.  Several  instruments  were  found  to 
have  moisture  between  lenses  after  exposure 
to  the  elements  (it  wus  luter  discovered  that 
these  Instruments  were  not  sealed  properly), 

For  infantry  unit.,  under  these  conditions, 
movement  Is  slower;  defensive  sectors  are 
limited  by  poor  visibility;  movement  has  to 
be  In  u column  of  fives  boeuuse  of  the 
rugged  terrain;  reconnaissance  Is  difficult  und 
slow;  security  is  difficult  because  of  limited 
visibility  and  rugged  terrain;  und  supply  is  a 
mujor  problem  beeuuse  few  vehicles  can 
traverse  the  terrain  encountered. 

(2)  Armor.  Armored  crews  experienced 
the  same  problems  with  bulky  clothing  and 
operation  of  knobs,  screws,  hundtools,  etc., 
as  Infimtrymen.  Mobility  problems  were 
similar  to  those  experienced  by  other  units, 
in  that  wheeled  vehicles  were  limited  to  the 
road  network.  After  periods  of  considerable 
precipitation  followed  by  lulling  tempera- 
ture, tank  turrets  freeze  so  that  manual 
hydraulic  traverse  is  impossible  Lubrication 
problems  particularly  with  exposed  weap- 
ons, gears,  and  the  majority  of  unit 
assemblies  were  increased.  Visibility  is  de- 


creased to  such  an  extent  that  rates  of 
movement  are  retarded,  observation  of  tank 
fire  Is  limited,  reconnaissance  becomes  a 
slower  und  more  deliberate  operation,  und 
security  of  positions  becomes  important 
Moisture  entered  the  optical  elements  of 
telescopes  and  periscopes  In  the  tank  optical 
equipment,  Impact  fuzes  were  not  sensitive 
enough  in  many  cases  for  detonation  on  top 
of  the  tunclru.  The  Ignition  systems  of  most 
wheeled  vehicles  became  faulty  after  pro- 
longed periods  of  cxposuie.  Beeuuse  of  the 
problem  of  mobility,  little  opportunity  wus 
afforded  for  tactical  use  of  funks,  When 
urmored  vehicles  capable  of  tundra  passage 
have  been  developed,  the  tactical  doctrine 
mxy  require  modification  to  u slight  degree; 
for  example,  the  tundra  may  exclude 
column  formations,  und  poor  visibility  und 
observation  muv  exclude  leup  frogglng  or 
movement  by  bounds.  Present  armor  tech- 
niques urc  affected  adversely  by  the  weather 
and  the  terrain  rates  of  movement  ure 
retarded;  the  time  required  to  alert  und 
move  troops  und  equipment  is  prolonged; 
and  reconnaissance  is  slower  und  more 
deliberate  because  of  the  limited  observa- 
tion, rugged  terrain,  und  extreme  weather 
conditions. 


(3)  /■'/(’/</  artillery.  Field  urtillery  units 
experience  the  same  difficulties  with  mobili- 
ty on  tundra  us  other  large  weapon  systems 
including  tanks  and  motor  vehicles.  In 
addition,  the  stability  of  weupons  during 
firing  and  the  effectiveness  of  impact 
projectiles  wus  greatly  impaired.  Low  visibili- 
ty directly  affected  the  observation  required 
for  field  artillery  purposes,  Problems  also 
were  noted  with  clothing  in  field  artillery 
units  for  operations  in  the  cold-wet  climate, 
The  absence  ol  trees  makes  the  concealment 
of  positions  utul  installations  difficult.  Vehi- 
cle trucks  on  tundra  do  not  disappear 
readily,  and  the  marks  made  by  u vehicle 
frequently  remain  visible  for  severul  months; 
hence,  attempts  to  conceal  trucks  by  camou- 
flage will  probably  be  less  effective  than 
attempts  to  confuse  the  enemy  by  making 
many  trucks. 


I 
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Significant  difficulties  were  encountered 
with  cross-country  operations  by  the  various 
artillery  pieces.  For  example,  the  heavy 
artillery  1 55  mm  gun  was  unsuited  for 
cross-country  operation.  On  wheels,  the 
piece  is  immobile  even  on  flat  terrain.  The 
wheels  break  through  the  mat  of  vegetation 
and  act  as  blunt  plows,  soon  immobilizing 
the  prime  mover.  The  gun  can  be  towed 
across  country  on  its  wheels  when  the 
tundra  is  frozen  to  a depth  of  3 in.  or  more. 
The  piece  can  be  kept  above  ground  by  the 
use  of  sleds.  If  sleds  are  not  available,  the 
gun  can  be  moved  ucross  country  on  wheels 
for  short  distances  on  pierced  steel  planks  or 
runways  laid  under  the  wheels.  The  planks 
can  be  laid  and  relaid  again  and  again  as  the 
wheels  clear  them. 

Self-propelled  artillery  pieces  were  not 
employed  in  these  tests.  However,  these 
vehicles  have  performance  similar  to  the 
M24  Light  Tank,  except  that  they  are 
slightly  heavier  and  have  a correspondingly 
higher  ground  pressure.  Consequently,  their 
performance  would  be  somewhat  poorer 
than  that  of  the  tank.  The  light  tank  is 
unable  to  cross  Hat.  unfrozen,  soft  tundra; 
however,  it  is  able  to  cross  flat,  well-drained, 
firm  tundra.  When  equipped  with  wide 
tracks,  it  is  much  more  effective  and  can 
traverse  some  of  the  very  soft  alluvial  areas. 
The  mobility  of  a field  artillery  weapon  is 
the  major  factor  that  determines  whether  or 
not  it  should  be  employed  on  tundra  under 
cold-wet  conditions. 

Artillery  can  be  fired  on  tundra  but 
auxiliary  flotation  devices  are  generally 
necessary  to  support  the  piece.  These  devices 
must  be  issued  because  trees  and  other 
materiel  generally  are  not  found  in  tlii:  type 
of  terrain.  Ammunition  fuzed  to  burst  on 
impact  is  degraded  seriously  by  the  soft 
tundra  which  permits  the  projectile  to 
penetrate  the  ground  deeply  before  the  fuze 
is  activated. 

4-3.2.6  Tactical  Operations- Deploy mant 

The  tactical  exercises  formulated  for  each 


field  period  during  Task  Force  Williwaw 
were  infantry-related  problems  for  two 
fasons  first,  those  factors  that  adversely 
all  feet  the  individual  and.  consequently  the 
unit  to  the  greatest  extent  normally  are 
loticed  more  quickly  in  infantry  units;  and 
second,  all  motorized  organizations  of  the 
task  force  virtually  were  immobilized  be- 
cause of  the  type  of  terrain  prevalent  in  the 
area.  The  major  effect  on  operations  under 
the  climatic  and  terrain  conditions  encoun- 
tered was  an  increase  in  the  time  required  in 
the  performance  of  all  tasks.  This  increase  in 
time,  a direct  result  of  the  effect  of  climatic 
and  terrain  conditions  on  the  capabilities  of 
the  individual,  was  caused  by  three  factors: 

(DA  general  loss  of  efficiency,  directly 
attributable  to  the  cold-wet  climate,  was 
evident. 

(2)  The  rate  of  movement  of  foot 
elements  with  and  without  individual  equip- 
ment over  the  type  of  terrain  encountered 
was  greatly  reduced. 

(3)  The  general  lack  of  suitable  vehicles 
capable  of  negotiating  the  tundra  reduced 
the  mobility  of  personnel,  weapons,  ammu- 
nition. und  supplies. 

Factors  involved  in  conduct  of  the 
operations  are  described  in  the  subpara- 
graphs that  follow.  Limitations  noted  are 
applicable  to  company  and  battalion  size 
units  of  all  arms. 

(I)  Movement.  The  lack  of  cross-country 
mobility  was  caused  by  the  terrain  encoun- 
tered. The  rates  of  movement  by  the 
individual  were  limited  mainly  by  the  mat  of 
vegetation  that  covered  the  greater  part  of 
the  island.  This  vegetation  normally  pre- 
sented no  problem  at  elevations  above  800 
to  ' 000  ft,  but  ut  such  elevations  move- 
ment of  the  individual  was  still  retarded  by 
the  ruggedness  of  the  terrain  (mountain 
slopes  and  corridors).  Movement  over  the 
tundra  by  foot  was  further  impeded  by  the 
icy  conditions  of  the  terrain,  which  were 
most  prevalent  during  January  und  February. 
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Normally,  all  wheeled  and  heavy  track'd 
vehicles  were  completely  road-bound,  The 
cargo  carrier  (M2lM  ) and  the  LVT  were 
most  suitable  for  cross-country  operations. 
Rain,  sleet,  and  snow - especially  when  ac- 
companied by  high  winds  - reduced  all  rates 
of  movement  during  such  periods.  Hurricane 
winds  (75  to  110  mph)  proved  to  be  an 
additional  adverse  factor,  but  such  extreme 
high  winds  were  rare  and  of  short  duration. 

(2)  Reconnaissance  Ground  reconnais- 
sance was  limited  by  the  reduced  rates  of 
movement  and  the  restricted  visibility  due  to 
the  prevalence  of  overcust  skies  und  frequent 
precipitation. 

(3)  Security.  The  frequently  restricted 
visibility,  which  limited  observation,  and  the 
varying  terrain  contour  emphasized  the 
necessity  foi  adequate  security  measures 
when  in  bivouac,  in  the  defense,  in  move- 
ment, and  in  the  offense.  Limited  observa- 
tion und  hearing  during  the  frequent  inclem- 
ent weuther  periods  increased  the  number  of 
outposts  required  during  defensive  opera- 
tions. These  factors  in  conjunction  with  the 
rugged  terrain  necessitated  a thorough  recon- 
naissance of  routes  by  advanced  and  Hunk 
guards  during  all  movement. 

(4)  Time  required  to  alert  and  mow 
troops.  The  time  required  to  alert  and  move 
troops  was  increased  correspondingly  by  the 
general  loss  of  efficiency  when  operating 
under  cold-wet  conditions.  Since  the  terrain 
limits  mobility  under  cold-wet  conditions, 
the  time  required  for  the  alerting  and 
movement  of  a compuny  or  battalion  during 
the  duy  or  night  will  be  approximately 
double  that  normally  expected  under  more 
favorable  weather  and  terrain  conditions.  An 
increase  will  be  evident  when  the  terrain  Is 
not  a limiting  factor,  but  the  overall  increase 
will  not  exceed  50  percent  of  that  normally 
required  under  milder  climatic  conditions. 

(5)  The  offense.  Terrain  corridor,  pm- 
vided  a suitable  avenue  of  upproach  during 
the  attack  by  offering  a degree  of  protection 
from  hostile  observation  and  provided  pro- 
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tection  from  the  weather,  especially  when 
high  winds  were  prevalent.  Terrain  corridors 
further  emphasized  the  importance  of  insur- 
ing that  advancing  troops  must  control  the 
corridor.  The  creation  of  artificial  corridors 
by  the  use  of  smoke  was  not  attempted; 
however,  such  a use  of  smoke  would  have 
been  limited  due  to  the  winds.  Since  the 
normal  rate  of  movement  was  greatly 
reduced,  movement  in  the  approach  march 
and  attack  problems  was  consequently  re- 
duced. Movement  normally  was  canalized  by 
the  terrain  which,  In  turn,  limited  the  width 
of  the  offensive  zones,  When  two  platoons 
were  used  abreast  on  a frontage  greater  tliun 
400  yd,  control  beeume  a major  problem 
even  In  squads.  Armor  could  not  be 
employed  because  of  its  general  immobility 
on  the  tundra.  During  the  conduct  of  all 
problems,  the  effect  of  the  high  winds  with 
their  destructive  force  often  resulted  in  the 
loss  of  shelters  und  supplies.  This  loss  und  its 
harassing  effect -which  could  easily  be 
caused  by  an  enemy  - emphuslze  the  impor- 
tance of  lines  of  communication  as  primary 
objectives  for  an  offensive  force.  Pack 
artillery  could  probably  negotiate  the  ter- 
rain. Towed  light  and  medium  artillery  could 
probably  support  infantry  on  flat  und  rolling 
tundra;  however,  heavy  urtillery  was  unsuit- 
able for  movement  on  the  terrain  encoun- 
tered. In  the  use  of  urtillery.  greater 
dispersement  wus  indicated  becuuse  of  the 
luck  of  natural  concealment.  Poor  visibility 
rendered  observation  undependable,  resulting 
in  the  necessity  for  an  observer  party  with 
every  infantry  company. 

(f>)  The  defense.  The  defensive  sector  was 
normally  reduced  by  poor  visibility  which  in 
any  situation  intensifies  the  problems  of 
security.  The  general  ineffectiveness  In 
tundra  or  snow  of  ammunition  used  for 
detonation  on  impact  would  limit  the 
effectiveness  of  such  supporting  weapons  us 
artillery  and  niortur  in  the  defense;  effective- 
ness was  estimated  to  he  not  more  tliun  50 
pa  cent,  It  was  impossible  to  utilize  tanks  as 
defensive  armor  because  of  their  inability  to 
negotiate  the  tundra.  On  the  other  hand,  the 
defense  likewise  expected  no  use  of  tanks  by 
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the  enemy,  Camouflage  was  difficult  due  to 
the  lack  of  natural  concealment,  which 
necessitated  a greater  dispersal  of  installa- 
tio  is  and  the  use  of  camouflage  clothing. 

(7)  Ratio  of  combat,  supporting,  und 
service  troops.  The  ratio  of  combat,  support- 
ing, and  service  troops  was  the  same  as 
under  milder  climates  except  when  the 
supporting  units  were  immobilized  and 
man-packing  became  necessary.  In  one  in- 
stance, the  proportion  of  service  troops 
required  to  support  the  tactical  plans 
(hauling  the  rations,  ammunition,  and  evacu- 
ating casualties)  of  the  infantry  company 
was  increased  to  an  approximate  ratio  of 
two  service  individuals  for  each  three 
infantrymen.  In  this  problem,  only  150 
infantrymen  participated,  and  110  individ- 
uals were  required  to  support  the  operation. 
The  requirement  for  engineer  troops  to 
support  the  operations  over  tundru-type 
terrain  is  greatly  increased.  Construction  and 
maintenance  of  roads  und  bridges  is  a 
continuous  problem.  A major  operation  over 
terrain  similur  to  the  tundra  found  on  Adak 
should  require  a 100-pereont  increase  in  the 
engineering  units.  Since  trucked  vehicles  ure 
prerequisite,  an  increase  in  the  normal 
uuthorizution  or  the  substitution  of  trucked 
vehicles  for  wheeled  vehicles  would  present 
un  added  maintenance  problem. 

Table  4-13  shows  the  effect  of  wlndspeeds 
and  soil  types  on  the  employment  of 
infantry  units  in  a cold-wet  climate. 

4-3.2.0  Tactical  Operationi-Partonnal 

In  the  December  10-day  tactical  exercise, 
the  first  4 days  were  to  t>o  spent  in  a 
stationary  position  and  the  last  6 days  in  a 
tactical  march.  During  the  first  4 days,  the 
infantry  company  of  about  160  men  dug  in 
and  set  up  a defensive  position,  Weather  was 
moderate  with  temperatures  near  3"!°F  and 
winds  at  1 5 to  30  mph  witli  wet  snow  or 
freezing  rain  during  most  of  Me  period.  The 
men  slept  in  two-man  mountain  tents.  Due 
to  the  wet  snow  and  rain,  by  the  end  of  the 
fourth  day  many  sleeping  bags  were  wet. 


Attempts  to  dry  them  with  wood  fires  und 
with  gasoline  tent  heaters  were  only  partially 
successful.  The  wet  bags  were  the  major 
factors  contributing  to  personnel  discomfort. 

At  the  end  of  4 days,  the  infantry 
company  with  attached  medical  personnel 
detrucked  and  marched  4 mi  over  frozen 
tundra  and  rocky,  mountainous  irregular 
terrain,  carrying  equipment  averaging  75  lb 
in  weight.  Additional  ammunition,  supplies, 
and  heavy  wcupons  were  lushed  to  tobog- 
gans, These  louds  ranged  from  300  to  500  ib 
with  six  to  eight  men  assigned  to  pull  each 
toboggan.  Aid  station  equipment  weighing 
400  Ib  wus  lushed  to  two  toboggans,  und 
eight  men  were  ussigned  to  pull  each  of 
these  toboggans,  The  men  currying  their 
equipment  were  able  to  walk  4 mi  in  about 
4 hr.  It  soon  became  upparent  that  the 
toboggans  were  much  more  difficult  to 
maneuver  than  anticipated.  The  rifle  squudx 
who  reached  the  bivouac  site  descended  the 
1,000-ft  mountain  slopes  of  average  40 
percent  grude  to  assist  the  heuvy  weapon 
sections  with  the  toboggans.  It  finully 
became  nccessury  to  abandon  the  toboggans, 
The  men  reached  the  bivouac  site  after 
making  two  trips  over  very  difficult  terrain 
and  ufter  struggling  vainly  to  bring  ap  the 
toboggans. 

The  men  were  too  tired  and  cold  to 
prepare  warm  drink  und  food.  Some  men  ate 
cold  canned  rations  while  others  ate  or 
drank  nothing.  This  overexert  ion  caused  in 
turn  the  low  moral;  the  next  day.  The  men 
were  tired,  had  no  energy,  and  many  hud 
mild  transient  gastrointestinal  disturbances 
including  crumps,  nausea  and  vomiting, 
presumably  due  to  indigestibility  of  the  cold 
rations  in  conjunction  with  overexert  ion. 
During  the  night,  the  windspeeds  reached  a 
steady  65  mph  with  90  mph  gusts.  The 
temperature  dropped  to  I9°F.  accompanied 
by  heavy  driving  snow,  Nearly  all  two-inun 
mountain  tents  were  destroyed  or  damaged, 
leaving  the  men  without  shelter,  Furly  the 
next  morning,  it  wus  obvious  the  maneuver 
could  not  continue,  and  the  order  was  given 
to  return  to  the  detrucking  point.  Since  the 
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first  part  of  the  march  consisted  of  scaling  a 
500-ft,  50-  to  60-dcg  slope  head  on  against 
the  still  violent  gale,  many  men  abandoned 
their  (wicks  in  order  to  surmount  the 
obstacle.  During  the  march  of  the  previous 
day,  one  case  of  exhaustion  that  simulated 
abdominal  disease  occurred.  This  man  was 
evacuated  on  a toboggan  from  which 
medical  equipment  was  removed.  Twenty 
men  were  required  to  pull  the  toboggan,  and 
the  rate  of  progress  was  about  0.5  mph.  This 
took  all  the  litter  bearers  over  the  same 
route  twice  In  one  day.  Sinee  they  were  not 
able  to  reach  the  bivouac  site,  they  spent 
the  night  on  the  slope  of  the  ridge.  At  this 
time  another  exhaustion  patient  had  to  be 
evacuated  from  the  bivouac  site  and  40  men 
were  pressed  into  service  as  a toboggan 
team,  They  required  6,5  hr  to  traverse  the  4 
mi  and  were  exhausted  when  they  rouehed 
the  trucking  point. 

The  most  important  phase  of  this  problem 
from  the  medical  standpoint  wus  the  tactical 
march.  Many  of  the  problems  associated 
with  the  situation  were  primarily  psychologi- 
cal In  nature,  resulting  from  luck  of 
experience  on  the  part  of  the  men.  The  men 
became  panicky  in  the  storm  and  uilowed 
their  discomfort  (there  were  no  euses  of 
permanent  injury)  to  Interfere  with  their 
sense  of  duty,  They  did  not  realize  the 
importance  of  hot  food  and  hot  drink. 
Physical  exertion  beyond  the  limits  of 
capability  wus  demanded  of  them,  and  this 
druin  on  energy  wus  without  a doubt  a 
major  factor  in  the  low  morale  level.  Shelter 
or  the  lack  of  it  was  also  a major 
psychological  concern. 

The  psychological  effect  of  the  murch  In 
the  December  field  exercise  especially  wus 
notable  when  the  reactions  of  the  men  in 
stationary  positions  were  compared  with 
those  of  the  men  participating  in  the 
cross-country  murch,  Although  shelters  were 
destroyed  and  equipment  was  scattered  by 
the  storm,  the  men  in  locutions  where 
vehicles  und  roads  were  available  showed 
only  u minimum  amount  of  emotional  stress, 
and  morale  remuined  at  a reusonubic  level. 
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By  comparison,  the  men  who  were  in 
bivouac  several  miles  from  the  road  net  in  a 
snow-covered  mountain  urea  during  the  same 
storm  became  panicky.  The  factor  of 
Isolation  appeurs  to  be  the  outstanding 
reason  for  the  difference  in  emotional 
stability  between  the  two  groups,  It  was  felt 
that  more  training  and  experience  under 
similar  conditions  would  tend  to  strengthen 
the  emotional  stability  of  groups  of  men  in 
such  situations.  During  the  active  phase  of 
the  January  field  exercise,  the  same  type  of 
teiTuin  was  covered  under  moderately  severe 
weather  conditions,  Prolonged  marches  und 
overnight  bivouac  in  isolated  locutions  were 
made  hy  infantry  und  medical  personnel, 
The  weather  conditions  encountered  were 
not  us  severe  us  those  on  the  march  during 
December.  Morale  remained  at  a reasonably 
high  level  und  no  severe  casualties  occurred. 
In  addition,  the  men  seemed  to  be  more 
confident  us  a result  of  the  first-hand 
experiences  obtained  during  the  first  murch. 
The  exertions  for  uny  one  day  were  kept 
significantly  under  the  level  for  the  murch  in 
December. 


Weather  crises  precipitated  a strong  ten- 
dency toward  emotional  instability  und  low 
morale,  although,  under  more  adverse  condi- 
tions of  terrain  on  long  marches  but  with 
rclutive  mild  weather,  no  such  effect  was 
noted.  Of  the  various  weather  factors 
involved,  high  winds  produced  the  greatest 
effect  on  the  individual.  High  winds  produce 
a rapid  loss  of  body  heat  out  of  all 
proportion  to  the  temperature  and  rcle'ive 
humidity.  Unless  adequate  protective  cover- 
ing is  available  to  prevent  this  heat  loss 
while  insufficient  body  activity  is  taking 
place  to  replace  it,  the  body  temperature 
eventually  will  be  lowered  to  u dungerous 
level.  This  factor  must  be  taken  into  account 
particularly  when  considering  the  probable 
survival  time  of  an  unaided  wounded  man 
exposed  to  such  wcuthcr  conditions. 


4-3.3  OPERATIONS  IN  THE  ARCTIC  CLI- 
MATE 


Tlte  arctic  climate  (generally  the  extreme 


Meteorological 

condition 


Hurricane  Kindi 
-'75-100  -»pni  with 
ram,  sleet, 

'>■  mow. 


ram  condi 1 1 on ! 


Gale  wlndi 
(30-75  mph)  with 
r*ln,  tldtt, 
or  i now. 


(occasional 

condition) 


Calm  condition! 


JO  nph  with  riln, 
iloot,  or  mow. 


(frequent 

condition) 


TABLE  4-13. 

EFFECTS  OF  A COLD-WET  CLIMATE  ON  THE  EMPLOYMENT  OF  UNITS  (SPECIFICALLY  INFANTRY!  i 


Of jin  I c ioi 1 1 (muskeg,  tundri. 
Swamps,  bogs,  usually  muddy) 


I.  Movement.  All  movontnt  extremely  limited,  uio  of  low-ground-pressure  tracked 
yonicloi  Imperative.  Individual  movomont  prtctlcolly  impossible,  AccllmitUotlon, 
morili,  ond  iCCultomltotion  trelnlng  importint.  Timely  war-lng  ordort  nocoilify. 


Reconnaissance.  Extr#«e1y  limited.  Identity  for  prior  planning  ovldont. 


3.  Security.  Importdnc*  of  ttotlomry  outpoiti  e*p"*tiaad.  AdtquttO  warning 
lyltom  highly  importint. 


A.  Offtnuvo  octlon.  Extremely  thorougi  tnir.lng  <nd  phyticil  hirdining  necessary. 
Control,  identification,  md  coord  I nit  Ion  with  upportl  emphasljeo.  Zones  limited 
it  fn.tlcitod  for  gilt  wlndt, 


5.  Defensive  octlon.  Extremely  limited;  orninlntlon  of  flropowor  md  outpoiti 
l|  ntcicliry,  tnoffictlvinon  of  HE  trwiunltion  fuied  for  detonation  on  Imptct 
limits  capabilities  of  artlller.  md  morttri.  Zonot  limt  n for  g«lo  wlndt. 


6.  Supports.  Requirements  'or  tnginiiri  doubled  by  terrim  condition!.  Ordninc* 
"lintonmci  proportlonitily  Incrtdnd  by  lirgtr  number  of  tricked  vehlclei  require,; 


7.  Indlvtduil  riqulrtmentl  Miming  end  drying  facilities  ibtolutely  neciiliry. 
frequent  hot  food  ind  drink  Importint.  Indlvlduil  niintmince  rtiponsihi  1 1 ty 
ttreited.  Adiquite  witer-retiltint  clothing  md  tleenlng  equipment  highly 
importint. 


I.  movement.  Ll’lted  but  entirely  possible,  low-ground-pressure  iricked  vehu let 
neceiliry.  1lm»  required  to  Alert  end  move  troopt  almost  double  thin  under  motl 
fyvorible  condltloni.  'horou'Jh  training  very  importint.  timely  wirnlnq  ordert 
neceiliry. 


Reconnaissance,  liround  rteonnalssan-.e  restricted  by  poor  visibility  md  terrein, 
utilise  nr  recornimsmce  when  pritticible. 


) 'idcurity.  larger  number  of  security  outpost-,  ind  pitroli  neceiliry.  heed  for 
wirnlnq  systems  It  evidenced  by  limited  observitlon  md  heirlnq. 


4 offensive  notion.  Idiil  for  offenuve  to  obtiln  surprise.  Phyticil  condi  tinn- 
ing, control,  Identlflcitlon  .imonu  ittdcklnq  members . depth  In  reserved  ond  defined 
boundirlei  Importint,  fonts  should  nnt  he  over  3Q0  end  600  yd  for  QoS  ind  Bus, 
respectively, 


5.  Uifenilve  ictton.  Sectors  limited  it  for  ol'fentlv*  action;  wirnlnq  systems 
Important-,  organisation  of  flnpowir  ind  coordination  with  reiervtt  Importint. 
|n»f f«ctl vtnttt  of  HE  munition  fuied  for  detonit‘on  tn  impict  limits  artillery 
end  mortirs . 


5.  Support  Normal  proportion  of  inqinetri  Incrusid  100  Z,  greater  requl  -emtnll 
for  tricked  vehlclei  proportlnnetely  Increeied  requirement  for  iddltlonel  ordnance 
maintenance  unit,,  Viportlnq  ermor  should  be  exploited. 


1.  Indlvlduil  requirement!.  Hirmlng  and  drying  facilities  for  change  nf  clot.ung 
necestery.  Frequent  hot  food  md  drink  Important.  Adequate  sleeping  equipment  and 
water-resistant  clothing  required, 


Cot d-wet  co-id m iun  i 
Character itt  K s 

1 Avenge  temperature  between  ?Q  and  a;,  i 
? "igh  relative  humidity.  frwqu*nt  pret ipi ti* ion 
).  Usually  overcast  and  foqqy 


I.  movement.  All  movement  axtramely  limited  by  weetnar 
tracked  vehicles  normal;  wheel  vehicles  liMited,  indi  -due 


mint  precluded  by  weather.  Acclimatisation,  morale,  ifi 
tion  training  Importerc.  Timely  warning  orders  neceiliry. 


2.  heconneisience.  Eitremely  1 im ted  mail ly  by  weitnar. 
planning  nocilliry. 


3.  Security  Importance  of  stationery  outposts  enpnasiiM 
quite  warning  system  should  be  stressed, 


4.  Offensive  action,  Eitremely  limited  by  weitne';  thor 
Inq  end  physical  herdtnlng  necessary,  Control  must  import 
Greater  Ut*  o'  vtMcles  to  attain  nobility  requ-fid.  Zonal 
it  indicated  for  gale  winds. 


5 Defensive  action.  Sectors  li-ited  -ie'r',  ti,  poor  obt 
Attention  to  outposts,  coordlmtion  of  Mras,  and  antueeh 
"laasures  Iwarnlng  syltn"!  empra-n/ed,  Zc.r.ns  samn  r,  f or  0 


fi  Supports.  Use  of  amor  should  br  itrusved.  Ordnance 
reci I rements  Increased  with  „se  o'  ar-qr  i"d  other  tracked 


1,  Individual  reqj i rements.  Marminq  and  dryinq  fa.ilitiei 
hot  'mod  and  drink  , adequite  water-resistant  .IJthing,  and 
equipment  are  must  obviims  rmtu 1 roi—-nt s . 


1,  “dvtment.  Limited  under  dj  trendy  " iddy  .tiniimons, 
dll-rue!  tn  alert  and  move  troops  .'I'ost  -I  uhlr  that  undar  tl 
llvurable  .ondl  turns.  Thorough  ('dining  i ••  |>or taut  lime 
oruers  important. 


I 


Heconnaiisance,  Ut-ugmi  resume i ssance  '-estristed  '"if e»1 
visibility  utilise  air  resomuissame  whenever  uracil  cab 


I 'BCurlty,  large  number  pi  -.eturity  outposts  and  patrol 
lead  for  adequate  an t irecham red  warning  syste"-  r,  ovlden 


heed  for  adequate  antimechanised  warning  system  i 
limited  observation  and  hearing. 


4,  Offensive  action,  control,  identif'-.at'on,  and  di-flned 
arias  are  important . Zorins  should  not  be  u<*r  100  and  600 
Cos  end  llr-l,  rasper  tively. 


S,  Defensive  Ict'on.  Sectors  limited  es  in  gf'nnie. 
mechanised  warning  systen  highly  Important, 


6.  Supports  Amor  and  supporting  aviat'on  should  be  ql 
cons  ’dare  1 1 on . Requirements  for  ordnance  maintenance  units 
tlpnately  increasad  with  use  of  artnor  and  other  tracked  Vi" 


I,  Individual  rtqul variants , warming  and  dryinq  fecilitiW 
necessary,  frequent  hot  food  and  drink  Important.  Water- 
resistant  doming  is  a requirement . 


I.  Movement.  All  ratet  of  movement  reduced  mainly  by  terrein.  Low-ground-pressura 
tracked  vehicles  necessary.  Tima  to  alart  and  move  troops  50  '.  higher  than  under 
most  favorable  conditions. 


I.  Movement  Normal,  except  that  wrather  will  tnureait  t 
alart  and  move  troops  at  least  50  : than  under  most  ‘avoreM 
weather  conditions.  l 


2,  Reconnaissance,  Ground  reconnaissance  feasible,  but  slow.  Use  air  reconnaissance. 


3,  Security.  Generally  normal.  Limlttd  obsarvatlon  and  hearing  will  ampheslia  natd 
for  warning  system. 


2.  Reconnaissance.  Normal,  except  durln,  pc-lods  of  precl 
Exploit  air  reconnaissance.  ; 


end  wind  up  to 
JO  nph  with  rain, 


a.  Offantlve  action.  Control  and  coordination  with  supports  amphatliad.  Use  or 
ilrbornt  troops  feasible.  Zones  limited  occailonilty  but  500  ind  1,000  yd  feasible 
for  Cos  end  Ins,  respectively. 


3,  Security.  Generally  normal,  limited  observitlon  and  id 
will  emphasise  ntad  tji  warning  systems. 


4.  Offensive  action.  General ly  normal  e-capt  that  tones  w( 
limited  by  lack  of  observation  but  500  and  1,000  yd  ftaslbla 


5.  Defanstva  action.  Sectors  occislonally  limited  by  restrlcttd  observitlon. 
Zones  ism  as  In  offqnse, 


Cos  and  Bni,  raspactlvaly. 


Dafanil  actios.  Sac  tors  limited  as  In  offenn. 


(.  Supports.  Increased  engineer  requirements  most  Important.  Supplement  ordnance 
maintenance  units  proportionately  with  Increese  In  numbqr  of  tracked  vehicles. 


7,  Individual  requirements.  Warming  and  drying  facilities  most  Important.  Stress 
lighter  Individual  loads  under  ell  conditions. 


6.  Supports.  Maintenance  requl rama, >ts  Increasad  by  gse  of 
and  larger  number  of  tree had  vehicles.  Increase  ordnance  tiM 
units  to  ntat  this  need.  ] 


7.  Individual  requirements,  Warming  and  drying  facllltldt 
Important.  Stress  lighter  loads  under  ell  conditions. 
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Cold-aft  tuncfit>un; 
character  i it  us 

' Av#rfi|«  temperature  Mtw ten  ?Q  and  4 : t 

"tgr,  r«  1 « 1 1 vt  hu*«idit/»  frequent  prec»piU*ion 
1 Usually  ovarcait  and  ^oqq> 

' 

1 

grained  soil*  (clay, 
CMhpictftbl a , muddy  during  heavy  rat^ 

1 

Coarse  gre'ned  soils  (Qrieal, 

sand  mcomiiectablf , seldom  'nudfl//  » 

i 

i 

i 

i 

i 

! 

k 

l 

1 

I 

(.  "Aevtmtnt,  All  *«tr*mt!y  limittd  Oy  wtttnpr  u.t  at 

trtcktd  vthlc It.  normtl;  whttl  nklcUt  Hmittd.  ] >vj i y > du« l ■•>/•• 
Hint  prtcludtd  tty  vtttnar.  Act!  imttltttion,  nortlt,  unu  tccu.tomi.it- 
tlon  trtlntng  Impcrtint.  T i >•«  1 y wtmtng  ordtr.  ntet. .try 

2,  4*eonntttltnet,  Ertr*n*lv  Il'Mttd  mtli  '/  tty  wtithfr  Prior 
IRltnnlng  otcttttry. 

2.  StCjflty  Importtnct  of  tttt'OOtry  Outoo.tl  mphtt  i|fd  Adt- 
wtmtng  ly.ttm  .nouk1  bt  ll'imd 

4,  Offtn.'vt  «c 1 1 on . f<tr*m«1y  H»lt*d  oy  wtllhtrj  thoibuqn  trtfn. 
lug  tnd  pnv.Ktl  htrdtnlng  n* cts.try,  Control  molt  mporttnt 
arntlP  u.t  of  vthklt.  to  tttttn  ’tObU'ty  p»nu'Pfd.  Zonf.  '’"'t*d 
4t  indKtttd  -V  gtip  wind. 

1.  ><tnslv#  tctlon  Stctor.  !l~ittd  ntlil;  b,  pojp  ob.trvaMur 
Atttntlon  to  outpo.t.,  .'oordintt  i un  o'  * ’ r. , tnd  mtimtchtm  mo 
Mi.urp.  Iwtrnlng  l/.tP"'  »mpP4i'i»d.  ion*.  S4''i)  tv  'or  nfftn.t 

4.  Support..  use  o f trior  idoyl  l Op  ytP»",itd  urdntnct  ntf-Untocr 
PfQu ' rtmtfltl  1 nc,  rtt  s td  w'tn  /.»  u*  4r"'0P  ini  utOt-  trtCttd 

f,  (nil i y l du4 1 rtqjirvmtnt..  vi.j r*n»t n.(  .ng  prying  'o..i  | . t ip. , frtqunt 
hot  *ood  ind  drint,  idpquttt  «tt*r->«.i .ttnt  .'otMng,  jod  '.lipping 
•qulpmtnt  tro  moit  obt"ig.  pk-iu'p* ntv. 

1 '1(.«*"'f"  ‘II  movtntn:  h"-1t*d  m.lnl/  t,  wttthtr  tnd  whtr.  upc ovtr  -Ogrt- 
ttmog.  tnr.t'n  Indlvldutl  ■'Ovtmtnt  r*«tpl:t4d  by  Wttthtr.  ’horuuqh  ift’».>nq  p- qhly 
importtnl  *l«4ly  wtinlng  ordtr.  nttttttr./. 

2 otconntH.tnct.  £ntr*m*ly  ll-ittd  by  wtttntr.  rr.or  pltnning  4 ntcit.lty 

1 OtCurUy  I-porttnct  o<  .tttlontry  outpo.t.  tr'ohs.ittd  Wirr'A'i  ./.tt"  tho.ldit 

Itriittd 

4 Offtn.tvt  tctlon,  ttr*tt*d  r-4lnly  by  ppttntr.  Zon*.  limited  4.  md'cttnd  for  qa’* 
w’nd.  u.t  of  rthlcit.  ntct.ltry  but  difficult  in  noufitilnou.  ttrrt'n 

6 Offtnuut  tctlon,  VfCtor.  llmlttd  mtinly  by  wtttntr  41  In  offtn.t  *nt 1 -tenen'/tn 
dtffn.t  ntct.ltry 

t ‘juopor tt , J.t  of  trmor  mould  tn  itfti.td  Enginetr  vtqulrtr'tnt.  m-.rttild  «•*' 
.ibtrttlng  ovtr  nountlinou.  ttrrtln.  UcA  mint',  should  lit  inn.1dtr*J 

T Indlvldutl  r*qu'  rtmtnt. . Wtmlng  tnd  drying  f tut  1 1 tin.  , frtqupnt  hut  ‘ogl  tnd 
drint.  idtqutt*  wtttr-rt! I.ttflt  clothing,  tnd  .Ittplng  tou'prnnt  trt  molt  cbvloui 
rtg.iirt',iprit.. 

1,  L i 1,1 1 ted  jnj Qf  *«tr*'ely  middy  cVdl  lions . !»'•■♦»  re. 

qytrfd  t»)  lU't  4nd  mow  trnops  #l*OSt  dmiMt  that  under  the  •••«■»» 
favorable  cond*  turns  *huruurjh  t'dintruj  Mprjrtaut . Ti  «ly  warotng 
ordlr*.  mportmt. 

2,  Raioutii  . '.iA'.tk  t»»’o  <rt.j  re.gnndt  iMIKh  re^t»  *«,tH  hi y l»y  poor 

wUiblltt;  vti*W¥  r#connai '.s^rK.v  whu»,evi»r  priLti..iblv. 

3,  'iKuNtf.  number  >i  mi.jnty  outnosU  and  udtroU  neua^Hiry 

Nt«<J  fv r ad«C404te  4rt  i w.irnlng  sy«.tn*“  is  »vld«n(.»d  by 

limited  ohvorv*tlon  <nd  ni^ring. 

4,  -iffantltf e ac 1 1 on . '•otitrol • id«nt» ♦ 1 .a t »<jn . and  df»*  .-.I'd  bound- 

trial  4rt  important-  Iw os  '.nouH  nut  bo  over  JQO  and  600  yd  for 
Cos  #nd  ilri,  raipgi.tiyel/ 

5,  0«f*ns>v*»  action.  Sts  tor.  1 1*'*  * ti»«!  as  in  Offtnsr.  Anti. 

PtchanWM  wtrfiimj  system  h<-.ly  '.myurtart. 

ft.  supports.  Armor  and  Supporting  aviation  shoul  1 bo  givi"  every 
COHV> laration.  Requirements  for  ordnaiM*  maintenance  units  prjpor. 
tlonatfly  increased  w**.n  use  of  armor  and  otn»»r  *rai>ed  vehicles. 

7.  Individual  requirements . birring  and  drying  facilities 
ftace>i*ry,  freouent  not  food  and  drink  important,  water- 
railstant  clothing  iv  a requirement. 

I "o  vu  inert  Lien  ted  t tJicept  whan  operating  over  mountainous  terra'*  . ’ ' *a»  ry^^  ret 

to  alert  and  move  troops  almost  double  than  under  the  "lost  favorable  co’''i' t ' s' s 
Thorough  tra  nimj  necessa»*y- 

. Peconnai  snam.ij . LimMeil  m.|1r,1y  by  restricted  V'S'bil't/.  t'l <l,p  rau>-. fi«i ' s • 

sd'K  e . 

i.  rHcunty  H'-ited  ohsaMva twms  .m.i  hear* mi  require  increase  *»•  outputs  ar.i 

pat  ru! s . 

4 'ffens‘ve  act‘nn,  Control,  idant  1 ♦ ic.it  Ion*  ari'1  :*»fined  boundaries  arc*  * port  ant 

i ones  should  nl;t  he  ovur  ioQ  jnd  600  yd  for  r.( s end  (ins,  resiitstivoly 

•i,  'lefensivt  aitma.  Sectors  Mi-ited  as  '.n  offense. 

b >uppor is  Supporting  aviation  and  amor  ir,vortant  Inqinaar  requi re^nts  Irul  le.J 

when  operating  over  mountainous  tL'rrj'O.  I'ad  animals  Should  be  considered. 

/ Inil.v  duil  requirpmenU.  ttn-lng  tnd  drying  ftclIiUt.  npr.ts.try.  ' rpqup"t  not 
f„„,|  jn.l  .trim  Imiortint.  wit«r-r».l.ttnt  i.lolhinq  tnd  .Ittplng  nquipmpnt  roquinul 

> 

).  Movpnpnt.  NoPinpl,  »«tept  thpt  wppthpr  .III  (ncp.4s.  (tne  to 
• ItPt  4dd  WV4  tPoopt  4t  Ip4U  “"J  I ttt4n  gorier  mu4t  f4vor4bll 
M4th|p  condition.. 

1.  Rtoi.nn4ll.4ncp.  Normpl,  tiolpt  during  ptrlod.  of  pr4d  pt  t4t  1 un. 
t»plolt  41 r Ptconn4i..4nct. 

1.  Stcurlty.  &*n*P4l1v  nom!4l.  Llmlttd  ob.PW4t1on  tnd  npir.pq 
Will  tmph4.lt*  nttd  r,)i  wtrnlng  syittm.. 

♦ 

4.  0fftn.1v*  tctlon.  OtntPtlly  nortnel  t.ctpt  thtt  ton*,  will  b* 
llmlttd  by  ItcA  of  obtirvttlcn  but  $00  end  1,000  yd  ft*. (bit  for 
Col  4nd  Bn.,  rtiptctlvtly. 

1,  Dtftntt  tctlon.  Stctop.  limited  tt  In  offtn.t. 

•.  Support..  Wtlnttntnct  rtqulptmtnt.  Inertt.td  tty  u.t  of  imr 
tnd  Itrgtr  numbtr  of  tfbcktd  vthlclti,  Inertt.t  ordntnee  mtlnttntno* 
unit,  to  mttt  this  nttd. 

1.  Indlvldutl  Ptqulrtmtnti.  Wtrmlng  tnd  drying  ftollltlt.  most 
Importin'.  *tr*»i  lighttr  lotd.  undtr  til  condition. , 

1.  Wovtmtnt,  Vomitl,  p.cppt  wptther  Inertt.t.  tlmp  to  tltrt  tnd  movt  tronp.  .t  lutst 
50  1 mort  thtn  undtr  moit  fovortblt  condition,  tml  In  mounttlnou.  ttr.tln  may  1 in>i  t 
rate,  of  movtmtnt. 

2.  Rpcunnplmnct.  (iintrtlly  normtl , KCtpt  wttthn  rt.trlctl  vl.lblllty.  Exploit 
tlr  r*conn*1..tnct. 

3.  ttcurity.  Stntrtllv  normtl,  llmlttd  ob.trvttion  tnd  httrlng  will  tmpht.llt  nttd 
for  wtrning  iv.ttm, 

4.  Offtnttvi  tctlon.  Zont.  of  500  tnd  1,000  yd  fttillilt  for  Co»,.ind  Bn.,  rc.ptctl vtly ; 
occt.lontlly  llmlttd  by  rt.trlcttd  ylilblilty. 

5.  Utftn.lv*  tctlon.  Sector,  itmt  tt  In  offtn.t;  othtrwlt*  normtl. 

6.  Support..  Prtctlctlly  iiormtl.  Ordotnc*  mtlnttotnc*  unit,  should  bt  Inertt.td 
proportlontttly  with  Inertt.t  In  nwibtr  of  trtciiid  “thlcltt.  100  S IncPtt.t  In  .pnr,0n*tr< 
whtn  optrttlng  ovtr  mounttlnou.  ttrrtln. 

7.  Indlvldutl  rtqulrtmtnti  Wtrmlng  tnd  drying  ftdlitlt.  .hould  bt  furnithtd. 

Strut  Hghttr  Indlvldutl  lotd.  undtr  til  condition’., 

i 
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cold  climatic  category  of  AR  70-38)  is 
differentiated  from  others  by  the  occurrence 
of  extreme  low  temperatures,  which  present 
different  challenges  to  materiel  performance 
than  tho;.c  of  the  cold-wet  climate  (Ref.  10). 
Much  of  the  knowledge  of  these  effects  is 
derived  from  Army  arctic  operations  but 
additional  valuable  experience  has  been 
gained  in  the  nonmilitary  experience  in 
Antarctica. 

Prime  effects  are  on  vehicles,  weapons, 
and  aiferaft  as  discussed  in  the  subpara- 
graphs that  follow. 

4- 3.3. 1 Vehicular  Operations 

Many  tests  of  vehicles  and  their  engines 
have  been  conducted  by  the  military  in 
arctic  and  subarctic  regions  The  results  of 
some  of  these  tests  are  described  briefly  in 
this  subparagraph  to  indicate  the  problems 
with  vehicle  operation  in  the  arctic  climute. 

A number  of  transport  vehicles  including 
u special-purpose.  2-1/2-ton  truck  (T23);  and 
standard  l-l/4-ton.  3/4-ton.  2-1/2-ton,  and 

5- ton  vehicles;  as  .veil  as  a snow  tractor 
(T12I)  were  tested  on  unfrozen  muskeg 
during  the  arctic  summer  (Ref.  15).  None  of 
the  wheeled  vehicles  wus  able  to  traverse 
muskeg  areas.  The  snow  tractor  was  cupuble 
of  trunsversing  the  summer  muskeg  In  excess 
of  the  rated  payload  but  presented  some 
steering  and  suspension  problems.  Off-road 
operation  of  wheeled  vehicles  In  unfrozen 
muskeg  has  not  been  proved  feasible.  In 
many  cases  the  heavier  tracked  vehicles  with 
high  track  loadings  are  marginal  in  these 
circumstances.  Another  environmental  prob- 
lem associated  with  vehicular  operations  is 
the  load-bearing  capacity  of  ice.  This  is  given 
in  Table  4-14  for  ice  on  fresh  water  which  is 
stronger  than  salt-water  ice. 

Ordnance  materiel  was  tested  under  ex- 
treme winter  conditions  at  Big  Delta,  Aluska, 
and  Ft.  Churchill.  Canada  (Ref.  16).  The 
M47  Tank  required  modification  to  elimi- 
nate a serious  carburetor-icing  condition. 
Extended  Idling,  minor  carburetor  maladjust- 


ments. and  improper  firing,  which  are 
relatively  unimportant  during  temperate  cli- 
mate operations,  become  important  because 
they  contribute  to  crankcase  oil  dilution  in 
cold  climates.  Another  problem  encountered 
with  tanks  involved  lire  control  equipment 
fogging  and  defrosting  of  optical  device;, i 
such  as  periscopes  and  telescopes.  Operation 
of  the  tank  turret  was  compromised  as  a 
result  of  general  sluggishness  in  the  power- 
traverse  response.  Increased  weapon  eleva- 
tion and  wheel  efforts  experienced  with 
decreasing  ambient  temperatures,  although 
the  units  hud  been  serviced  with  proper 
hydraulic  oils,  indicated  unsatisfactory  per- 
formance at  much  tower  temperatures.  In 
addition,  the  normally  anticipated  traction 
difficulties  on  hard-packed  ice  and  snow 
were  encountered, 

Testing  of  wheeled  vehicles  indicated  that 
in  general  they  would  operate  successfully  in 
snow  no  deeper  than  the  vehicle  ground 
clearance  und  were  very  limited  in  slope 
operation,  The  automatic  transmissions  em- 
ployed were  satisfactory  except  that  in  the 
2-1/2-ton  truck  (Ml  35)  the  hydrumutio 
trunsrni  sion  had  a severe  downshift  from 
second  to  first  gear,  which  caused  skidding 
on  ice.  Cold  starting  was  satisfactory  down 
to  -40° F.  Icing  of  the  fuel  systems  of  the 
M37  and  M4!  Trucks  was  encountered 
below  -20°F,  and  alcohol  hud  to  be  udded 
to  prevent  freezing  In  most  vehicles  tested, 
the  heut  distribution  systems  were  poor, 
resulting  in  excessive  heat  at  some  spots 
within  the  cab  and  cold  spots  in  other  ureus. 
An  antifog  compound  wus  tested  on  the 
windshields  but  wus  not  found  to  be 
satisfactory  in  these  climates. 

In  tests  ut  Ft.  Churchill.  Canudu.  an 
amphibious  cargo  currier  (T46)  was  tested 
during  ambient  temperatures  between  -20° 
and  -30°F,  The  only  major  problem  encoun- 
tered was  in  the  tv  tick  design,  which  required 
modification  to  provide  better  traction  in 
snow. 

In  field  ter. is  ut  Ft.  Clrcely.  Alusku.  u 
2- 1 /2-ton  truck  (M34)  was  tested,  The  major 
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TABLE  4-14. 

LOAD  BEARING  CAPACITY  OF  FRESH  WATER  ICE  <R«f.  17) 


Min.  Ice 
thickness, 
In. 

Min.  distance 
between  units, 
ft  m 

Man 

2 

15 

5 

Vehicles 

1/4- ton  truck 

8 

50 

15 

3/4-ton  truck 

10 

65 

20 

2-1 /2-ton  truck 

16 

80 

25 

5- ton  truck 

22 

200 

60 

5- ton  tractor  w/loaded  trailer 

36 

260 

75 

M561  cargo  carrier 

10 

65 

20 

M8A2  tractor 

26 

230 

70 

M41A1  tank 

26 

200 

60 

M48A2  tank 

32 

230 

70 

M60  tank 

32 

230 

70 

Ml 08  howitzer,  SP,  105  mm 

20 

130 

40 

M88  tank  recovery  vehicle 

34 

230 

70 

Ml 09  howitzer,  SP,  155  mm 

20 

130 

40 

M110  howitzer,  SP,  8 mm 

22 

165 

50 

Ml 13  APC 

18 

80 

25 

Ml  14  armored  carrier 

16 

65 

20 

Ml  16  cargo  carrier 

14 

50 

15 

M578  recovery  vehicle 

26 

200 

60 

Tractor,  D7,  std. 

20 

130 

40 

Tractor,  08,  std. 

24 

165 

50 

Crane,  20  ton 

24 

230 

70 

Grader 

16 

165 

50 

M-6  transporter,  rolling  liquid 

10 

NA 

Aircraft 

0- 1 A • E 

8 

30 

10 

OV-1A,  B,  C. 

18 

65 

20 

U-1A 

10 

65 

20 

U-6A 

10 

50 

15 

U-8D,  F 

10 

65 

20 

CV-2A 

20 

180 

55 

CV-7A 

20 

200 

60 

0H-13H 

8 

30 

10 

OH-230 

8 

30 

10 

UH-1A,  B,  0, 

10 

65 

20 

UH-19D 

12 

65 

20 

CH-21C 

14 

80 

25 

CH-34C 

13 

80 

25 

CH-37B 

20 

200 

60 

CH-47A 

20 

200 

60 
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deficiency  noted  was  the  failure  of  the 
transmission  on  two  occasions.  The  battery 
heating  pads  failed  after  approximately  200 
mi  of  operation.  Front  spring  seats  broke 
twice,  lite  sparkplugs  became  fouled,  and 
the  ignition  points  failed  on  all  three 
vehicles  tested.  The  dutch  lever  of  the 
winch  broke  off  twice  during  temperatures 
below  0#F,  The  safety  catch  proved  unsatis- 
factory in  that  it  was  necessary  for  the 
operator  to  remove  his  arctic  mittens  to 
release  it.  Operation  of  the  heaters  was 
generally  satisfactory,  but,  at  temperatures 
below  ~30°F,  personnel  found  the  cab 
uncomfortable.  Numerous  air  leaks  were 
noted  around  the  cab  during  operation 
above  25  mph.  The  rubber  around  doors  and 
windows  came  out  continually 

Low  ground  pressure  tracked  vehicles 
employed  for  oversnow  transport  are  shown 
in  Fig.  4-8. 

The  T4IEI  Tank  also  was  tested  at  Ft. 
Greely.  Six  hundred  mi  of  cross-country  and 
highway  operations  under  simulated  field 
conditions  were  completed  on  one  vehicle 
and  240  mi  on  the  other.  Numerous 
problems  were  present  at  the  beginning  of 


the  test  season  and  continued  throughout 
the  winter.  Overall  operation  of  these 
vehicles  under  the  extremes  of  the  Arctic 
was  unsatisfactory.  Excessive  oil  dilution  and 
low  engine  operating  temperatures  were 
experienced  during  the  entire  season.  At  no 
time  was  it  possible  to  operate  the  vehicle  at 
pioper  engine  temperatures.  Continual 
troubles  were  experienced  with  carburetor 
adjustment.  This  had  a tendency  to  make 
the  vehicle  always  operate  at  about  50 
percent  performance.  Difficulty  was  experi- 
enced in  starting  the  auxiliary  generator 
below  --20°F,  At  55°F  it  failed  to  start 
under  any  conditions.  Materials  used  in  the 
construction  of  gunner’s  and  operator’s 
controls  had  a tendency  to  stick  to  the 
men’s  hunds  when  gloves  were  removed  to 
make  fine  adjustments.  The  canvas-type 
grille  covers  were  unsatisfactory  in  that  they 
required  constant  attention  and  eventually 
would  come  loose,  start  flapping,  and  blow 
off  the  vehicle.  Fenders  und  sand  shield  were 
completely  torn  loose  and  bent  after  the 
first  100  mi  of  cross-country  operation. 
Deposits  of  broken  limbs,  pine  needles,  etc., 
would  lodge  around  the  muffler  guard  plates 
and  cause  fires  to  break  out  in  that  locution 
ufter  continued  operation,  Failures  common 


Figure  4P.  Low  Ground  Pressure  Tracked  Vehicles  for  Oversnow  Transport 
(Photograph  by  R.  W.  Garde!) 
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to  tests  in  temperate  climates  were  also 
common  in  the  Arctic,  such  as  failing  shock 
absorbers,  suspension  components,  and  elec- 
trical relay  instruments.  It  was  noticed  that 
at  -55°F  it  took  5 min  to  elevate  the 
weapon  to  its  maximum  elevation  from  the 
traveling  position  and  required  2 min  of 
effort  to  rotate  the  turret  90  deg, 

The  general  durability  and  performance  of 
2-1/2-ton  cargo  trucks  ,(M35  and  M2II). 
5-ton  cargo  truck  (M54),  and  the  ambulance 
(M43)  were  evaluated  under  arctic  condi- 
tions during  Operation  Flln  Flon  (Ref.  18). 
All  trucks  were  appropriately  winterized 
according  to  established  procedures.  Unsatis- 
factory components  included  the  transmis- 
sions on  all  vehicles,  the  M43  differential, 
fanbelts  on  the  M35  and  M54,  tire  tubes, 
and  winches.  Although  lubricated  with  arctic 
lubricants,  all  of  the  transmissions  except 
that  for  the  M43  Truck  had  extremely  short 
life.  The  failures  appeared  to  be  the  result  of 
improper  lubrication.  The  M43  Truck  experi- 
enced severe  difficulties  in  starting  in 
extremely  low  temperatures.  Starts  below 
-I0°F  ambient  were  generally  unreliable 
although  starts  were  made  at  temperature*!  us 
low  as  -24° F.  but  only  with  considerable 
difficulty.  On  the  M54  vehicle,  recurrent 
failure  of  the  radiator  inlet  neck  was 
experienced.  This  was  attributed  to  the 
stiffness  of  the  hose  and  the  generul 
geometry  of  the  installation.  No  doubt  the 
cold  temperatures  contributed  to  the  hose 
stiffness  so  that  this  failure  is  more  likely  to 
show  up  in  extremely  cold  environments 
than  in  temperate  or  hot  environments. 

Engines  were  removed  from  a trucked 
infantry  vehicle  (T95)  «nd  inspected  for 
wear  and  damage  after  2,020  mi  of 
endurance  operation  under  arctic  conditions 
using  arctic-type  fuels  and  lubricunts  (Ref, 
19).  Of  the  total  2.020  mi.  197  mi  were  on 
gravel  or  prepared  surfaces  and  1 ,823  mi 
were  over  the  cross-country  course  and 
neighboring  areas.  The  cross-country  course 
consisted  primarily  of  frozen,  snow •cov*- red 
muskeg,  some  deep  snow,  and  occasional 
patches  of  smooth  ice.  Approximately  50  mi 
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in  neighboring  areas  were  made  up  of  snov. 
drifts,  deep  level  snow,  heavily  wooded 
areas,  and  slopes.  The  total  number  of 
engine  hours  accumulated  was  148.4  on  the 
left  engine  and  141.4  on  the  right  engine. 
Both  engine  air  cleaners  were  operated  dry 
after  it  was  found  that  they  become  dogged 
with  a sludgy  mixture  of  snow  and  oil 
within  a few  hours  of  operation.  Blown 
snow  cannot  be  prevented  from  entering  the 
engine  compartments  while  the  vehicle  is  in 
operation. 

The  T95  Engines  were  rated  as  lacking  in 
endurance  characteristics  as  a result  of 
excessive  wear  of  internal  components.  This 
Included : 

( 1 ) Severe  ring  wear 

(2)  Piston  and  cylinder  wall  scuffing 

(3)  Excessive  fatigue  damage  to  bearing 
inserts 

(4)  Excessive  valve  burning  and  leukage, 
attributed  to  excessive  valve  stem-to-guide 
clearances. 

Wear  of  the  engines  resulted  from  inade- 
quate lubrication,  no  doubt  influenced 
directly  by  the  high  viscosity  and  poor 
distribution  of  the  oil  and  by  the  amount  of 
untiscuff  agent  in  the  oil.  The  arctic  oils 
used  provided  inadequate  lubrication  on  this 
particular  engine. 

A 90  mm  gun  tank  (M47)  was  operated 
for  a total  of  1,071  mi.  approximately  60 
mi  on  prepared  surfaces  and  1.011  ml  over 
the  cross-country  course  and  neighboring 
areas  at  Ft.  Greely,  The  engine  was  removed 
and  inspected.  Basically,  this  engine  per- 
formed very  well.  Sludge  had  accumulated  In 
the  crankcase,  which  indicated  considerable 
low  temperature  operation.  It  coated  the 
connecting  rods,  crankshaft,  and  rocker 
arms. 

In  addition  to  difficult  starting  of  internal 
combustion  engines  in  the  arctic  environ- 
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ment,  crankcase  oil  dilution  is  a serious 
problem  contributing  to  frequent  engine 
failure,  A study  of  the  effect  of  winter 
operation  in  Alaska  on  crankcase  oil  dilution 
confirmed  that  significant  crankcase  oil 
dilution  occurs  as  a result  of  water  and 
gasoline  accumulation  in  the  crankcase  oil 
(Ref,  19).  One  of  the  factors  believed  to 
affect  the  overall  dilution  lev>l  is  the 
exposure  to  low  temperatures.  In  these  tests, 
as  anticipated,  oil  dilution  resulting  from 
water  condensation  in  the  crankcase  was 
greater  for  those  vehicles  parked  outside. 
The  type  of  operation  also  affected  the  oil 
dilution  level.  The  vehicles  that  were  used  in 
short-run,  light-load  service  had  significantly 
more  crankcase  oil  dilution  than  vehicles 
operated  for  sufficient  lengths  of  time  for 
the  engine  to  heat  up  to  normal  operating 
temperatures.  Water  dilution  varied  from 
essentially  zero  to  as  much  as  5 percent: 
however,  it  was  less  than  1 percent  for  the 
majority  of  vehicles.  Fuel  dilution  was 
significantly  higher,  varying  from  less  than  1 
percent  up  to  us  high  us  58  percent,  The 
58-percent  dilution  was  an  anomalous  figure. 
Most  of  the  fuel  dilution  values  were  less 
than  2 percent  for  vehicles  stored  indoors, 
while  for  outdoor  storage,  fuel  dilution  was 
less  than  5 percent. 

Dilution  was  caused  by  ( I ) failure  of 
engine  components,  which  usually  resulted 
in  extremely  high  fuel  dilution.  (2)  excessive 
fuel  accumulation  during  cold  sturts  (espe- 
cially when  difficulties  were  experienced  in 
starting  the  engine),  (3)  overnight  soaking 
(mainly  water),  and  (4)  operating  at  very 
low  engine  temperatures,  (Idling  and  short- 
run.  light-load  operation), 


4-3.3.2  Effect*  on  Wwpom 

The  arctic  environment  causes  mere  diffi- 
culty in  the  operational  employment  of 
weapons,  both  individual  and  crew-served, 
than  the  other  extreme  environments.  The 
inability  of  infantry  soldiers  to  man-puck 
even  the  smaller  crew-served  weapons,  along 
with  an  adequate  supply  of  ammunition, 


plus  the  general  problems  of  vehicular 
mobility  caused  by  the  arctic  environment, 
cause  great  difficulty.  Crew-served  weapons 
with  heavy  recoil  and/or  weight  are  limited 
seriously  in  operational  use  on  muskeg  and 
other  similar  soft  terrain  during  the  arctic 
summer.  Heavy  snow  cover  causes  erratic 
behavior  of  impact-fuzed  high  explosive 
artillery  and  mortar  rounds  as  well  as 
rendering  conventional  mines  ineffective  in 
many  cases.  Finally,  the  extreme  cold  of  the 
arctic  winter  has  contributed  to  mechanical 
failure  of  u variety  of  weapons  us  a result  of 
metal  embrittlement. 

Examples  of  problems  encountered  in  the 
operational  use  of  weapons  in  the  arctic  are 
described  in  the  subparagraphs  that  follow. 
These  examples  ire  taken  from  a number  of 
extensive  field  exercises  conducted  by  the 
military  in  arctic-type  environments. 

A number  of  weapons  have  been  tested- 
the  105  mm  mortar,  the  4.2  in.  mortar,  75 
mm  recoilless  rifle,  und  a cal  .30  machine- 
gun- during  arctic  summer  (Ref.  20).  These 
tests  were  made  in  unfrozen  muskeg  without 
using  sandbugs.  Although  all  weapons  oper- 
ated satisfactorily,  the  mortar  bases  were 
extremely  difficult  to  extract  from  the 
muskeg  into  which  they  were  driven  by 
recoil. 

In  arms  and  ammunition  tests,  a 4-1/2  in. 
rocket  launcher  (T123)  was  fired  from 
frozen  muskeg  (Ref.  8).  The  spade  und  trail 
stakes  bent  when  attempts  were  made  to 
drive  them  into  the  frozen  muskeg,  How- 
ever. during  three  firings  of  25  rounds,  each 
without  the  trail  or  wheel  stakes,  the 
launcher  was  stable.  During  the  firing, 
ignition  deluys  up  to  3 s were  noted.  Prior 
to  arctic  test,  the  launcher  had  satisfactorily 
functioned  in  a cold  chamber  at  ~65°F; 
however,  in  the  outdoor  tests  the  handwheel 
effort  of  the  traversing  mechanism  of  the 
launcher  increased  tremendously,  from  a 
normal  7-lb  effort  to  an  effort  estimated  to 
be  over  100  lb,  although  the  outdoor 
temperature  was  well  above  the  temperature 
of  the  cold  chamber. 
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To  emplace  an  81  mm  mortar  (M24)  on 
the  frozen  muskeg,  it  was  necessary  to  use 
dynamite  to  make  a lioie,  but  this  practice 
allowed  the  weapon  to  be  emplaced  in  5 to 
10  min.  On  three  different  occasions,  a weld 
that  holds  a ring  on  the  titanium  base  plate 
broke  and  the  base  plute  ultimately  frac- 
tured. Loss  of  projectile  fins  caused  mishaps 
and  erratic  (lights. 

In  other  tests  the  employment  and  use  of 
the  4.2  in,  mortar  (M30)  with  mount  (M24) 
was  Investigated.  Of  the  three  mortars 
tested,  the  bridge  shattered  on  two  units, 
the  base  plate  failed  on  one,  and  the  upper 
support  column  failed  on  one,  At  no  time 
was  it  possible  to  properly  seat  the  mortar 
for  what  is  considered  to  be  satisfactory 
firing.  Numerous  methods  and  devices  were 
attempted,  but  they  were  time  consuming 
und  unsatisfactory.  The  60  mm  and  the  81 
mm  mortar  ulso  had  similar  characteristics 
plus  limited  fragmentation  patterns.  On 
some  types  of  fragmenting  projectiles,  fuze 
action  was  unsutlsfuotory  at  temperatures 
below  +20°F;  at  -25°F,  100-percent  failure 
occurred.  It  was  concluded  at  the  time  of 
these  tests  thut  mortars  in  their  present  form 
were  unsatisfactory  lor  use  or  employment 
in  the  Arctic  during  the  extremes  of  winter, 

The  4.5  in.  rocket  launcher  (T123) 
functioned  properly,  but  large  dispersion 
patterns  up  to  a 1,000  yd  in  width  were 
noted,  and  the  launcher  had  a tendency  to 
blow  u large  cavity  under  itself  when  fired  in 
deep  snow.  This,  in  turn,  caused  the 
launcher  to  settle  into  this  hole.  As  a result, 
it  hud  to  be  moved  after  several  firings. 

live  difficulty  of  operating  the  trigger  of 
conventional  rifles  and  reluted  small  arms  is 
of  great  importance.  Some  means  is  needed 
to  permit  the  infuntrymun  to  fire  small  arms 
and  rifles  without  removing  the  arctic 
mittens.  The  trigger-finger  glove  principle  lias 
not  proved  satisfactory, 

The  following  additional  problems  asso- 
ciated with  weapon  employment  in  the 
Arctic  have  been  observed.  The  range  of 
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mortar  projectiles  exposed  to  low  tempera- 
tures is  decreased  by  as  much  as  15  percent 
below  firing  table  ranges  due  to  slow, 
irregular,  or  partial  burning  of  propellants, 
and  increased  air  density.  Low  temperatures 
cause  problems  with  spotter  systems.  Mis- 
match occurs  between  major  and  minor 
caliber  systems  because  of  different  propel- 
lant temperature  coefficients,  A system  is 
generally  reliable  only  at  the  temperature  for 
which  the  system  is  "fired  in”.  The  same 
situation  exists  in  the  alignment  and  sighting 
of  tank  and  artillery  weapons.  Alignment  is 
valid  only  for  the  particular  temperature  at 
which  the  alignment  was  made,  Changes  in 
temperature  require  realignment  of  the 
weapon.  The  U S Army  Arctic  Test  Center 
reports  thut  1 .500-yd  corrections  required  as 
a result  of  weather  changes  were  experienced 
several  times  with  the  105  nun  howitzer 
(Ref.  20). 

The  changing  nature  of  snow  affects  the 
performance  of  mines  and  fragmenting 
munitions.  The  spatial  distribution  of  frag- 
ments from  high-explosive  (HH)  loaded 
projectiles  is  greatly  reduced  when  detonated 
under  snow.  Test  results  indicate  a smother- 
ing factor  us  high  us  80  percent  when  they 
arc  detonated  under  less  titan  (>  in.  of  snow. 
This  effect  is  noted  with  point-detonating 
(PD)  fuzed  mortar  projectiles,  hand  gre- 
nades, antipersonnel  mines,  and  most  other 
PD-fuzod  Hit  projectiles.  Snow  has  a blan- 
keting effect  on  fragmenting  munitions,  and 
its  softness  interferes  with  the  performance 
of  certain  typos  of  mines.  In  tests  performed 
in  Alaska,  antipersonnel  mines  that  func- 
tioned properly  when  planted  on  hard 
ground  and  hard  packed  snow  were  unreli- 
able in  deep  snow.  When  an  attempt  was 
made  to  actuate  the  mine  in  deep  snow,  it 
was  merely  pushed  farther  into  the  snow. 
Sufficient  resistance  could  not  be  developed 
in  deep  snow  to  generate  the  force  necessary 
to  make  the  mine  function.  Trip-wire  devices 
failed  because  blowing  snow  packed  hard 
into  the  actuator  cavity,  thus  preventing  the 
trip  rod  from  moving, 

Weapon  performance  has  also  been  evalu- 
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ated  on  the  Greenland  Ice  Cap.  Terrain 
consisted  of  200  ft  of  snow  on  top  of  7,000 
ft  of  ice,  producing  a flat,  wide-open  surface 
containing  no  vegetation.  No  way  could  be 
found  to  emplace  the  81  mm  mortar. 
Despite  heavy  sandbagging,  shifting  occurred 
and  the  weapon  could  not  be  made  stable. 
Twenty-four  rounds  of  HE  ammunition  with 
a PD  fuze  were  fired,  and  21  failed  to 
detonate  on  impact  because  the  resistance 
developed  by  the  snow  was  insufficient  to 
cause  the  fuze  to  function  on  impact  with 
the  surface. 

White  phosphorus  rounds  detonated  but 
only  after  penetrating  the  snow  to  an 
indeterminate  depth  that  smothered  their 
effects  Because  of  the  flatness  of  the 
Greenland  terrain,  fiat  trajectory  rounds 
fired  by  the  106  mm  recoilless  weapon 
would  not  explode  unless  a direct  hit  was 
made  on  the  target.  The  round  bounced  and 
tumbled  when  striking  the  surface  without 
exploding.  Neither  tracer  rounds  used  with 
the  106  mm  recoilless  weapon  nor  the  puff 
of  smoke  usually  seen  on  hitting  a target 
could  be  observed  because  of  optical  condi- 
tions caused  by  light  re  flee*  ante  and  diffu- 
sion from  the  ice  cap.  Results  from  firing 
the  3.5  in.  rocket  were  the  same  us  for  the 
recoilless  round.  Range  estimation  was  ex- 
tremely difficult  because  of  the  optical 
conditions. 


4-3.3. 3 Effects  on  Aircraft  Operations 

Aircraft  operations  in  arctic  environments, 
involving  supply,  close  support,  and  artillery 
fire  observation,  frequently  are  hampered  or 
completely  stopped  because  of  poor  visibili- 
ty. Poor  visibility  is  the  nijyor  restriction  on 
air  operations  in  the  cold  regions,  An 
example  of  obscuration  by  blowing  snow  is 
shown  in  Fig.  4-9.  Other  effects  include 
difficult  starting  of  engines,  icing  impairment 
of  vital  components,  icing  in  fuel  systems, 
clogging  of  critical  areas  with  blown  snow, 
and  the  necessity  for  airport  snow  removal. 
Examples  of  impairment  of  aircraft  opera- 
tion from  these  causes  us  observed  in  field 


exercises  arc  discussed  in  the  paragraphs  that 
follow. 

An  aviation  support  operation  for  to- 
pographic mapping  in  Antarctica  by  the  IJ  S 
Geological  Survey  and  the  National  Science 
Foundation  during  Operation  Deep  Freeze 
employed  HU-1B  Iroquois  helicopters  (Ref. 
21).  Several  problems  were  encountered  with 
the  helicopters  as  a result  of  the  adverse 
environment.  One  involved  a control  failure 
that  nearly  resulted  in  the  loss  of  an  aircraft 
and  its  crew.  The  aircraft  was  operating  at 
an  altitude  of  10,000  ft  (temperature  - 20UC) 
executing  a right  turn.  A rolling  motion  to 
the  right  followed  by  an  increasing  nose-low 
attitude  was  noted  by  the  pilot.  Unable  to 
move  the  control  stick  rearward,  he  turned 
off  the  hydraulic  power.  The  craft  was 
brought  under  partial  control,  and  the 
hydraulic  power  turned  on  again.  Immediate- 
ly. the  aircruft  started  rolling  lo  the  right  as 
before.  Hydraulic  power  was  then  turned  off 
for  the  remainder  of  the  flight.  A landing 
was  effected,  and  investigation  revealed  that 
an  accumulation  of  ice  had  blocked  a relief 
vent  in  the  hydraulic  control  system,  Once 
the  vent  had  been  cleaned  and  the  system 
purged,  the  hydraulic  system  functioned 
normally.  This  incident  illustrates  a typical 
problem  resulting  from  thawing  and  freezing 
of  water. 

Another  problem  involved  a skid-type 
landing  gear  that  provided  insufficient  nota- 
tion on  soft  snow,  thus  allowing  the  aircraft 
to  settle  so  that  the  underside  of  the 
fuselage  contacted  the  snow  surface.  Conse- 
quently. the  possibility  of  damage  to  the 
structure  and  at: ached  electronic  equipment 
exists.  B cau.  e the  greater  percentage  of  the 
aircraft  weight  is  concentrated  on  the  aft 
skids,  the  tail  boom  contacts  the  ground 
surface  first  as  the  aft  skids  settle  through 
the  snow  crust. 

Problems  also  were  noted  with  engine 
starting  at  high  altitudes.  This  indirectly 
caused  failure  of  one  engine.  During  at- 
tempts to  start  at  progressively  higher 
e'evations.  tailpipe  temperatures  became  in- 
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creasingly  cHtical.  Temperatures  were  re-  disassembly  revealed  that  all  blades  were 

corded  carefully,  and  during  the  lust  starting  burned  on  the  first-stage  turbine  wheel, 

attempt,  the  temperature  exceeded  the 

authorized  limits.  This  last  attempt  was  at  Icing  within  fuel  systems  was  a recurring 

an  elevation  rrf  10,500  ft  at  a temperature  problem.  Water  contained  in  the  fuel, 

reading  of -27nC.  Three  starting  sequences  possibly  in  suspension,  could  r.ot  be  sepa- 

were  aborted  due  to  high  tailpipe  tempera-  rated  fully  during  refueling  operations  utiliz- 

turcs.  On  the  fourth  attempt,  the  tailpipe  ing  available  stunners.  Frequent  draining  of 

temperature  exceeded  760°C.  The  engine  the  fuel  pumps  at  regulai  intervals  was 

start  was  successful  but  attempts  to  accel-  required  to  prevent  freezing  of  the  trapped 

erate  resulted  in  compressor  stall  and  the  water, 

engine  speed  required  for  takeoff  could  not 

be  attained.  A new  engine  was  installed  and  In  I960  Operation  Lead  Dog  conducted 

a successful  start  was  accomplished.  Inspec-  operations  over  the  Greenland  Ice  Cap  from 

tion  of  the  replaced  engine  following  Camp  Tuto  to  Crown  Prince  Christian  Land 
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and  to  Peary  Land  (Ref.  22).  Helicopters 
were  used  in  this  operation  along  with  other 
types  of  aircraft,  Whiteout  and  grayout  were 
encountered,  resulting  in  blending  of  the  sky 
and  ice  cap,  thereby  eliminating  the  horizon 
and  making  it  impossible  for  pilots  to 
determine  visually  the  altitude  of  aircraft 
above  the  snow  surface.  It  was  concluded 
that  it  is  unwise  to  attempt  operations 
during  periods  of  restricted  visibility  on  the 
ice  cap.  In  several  instances  aircraft  were 
able  to  carry  out  operations  on  the  landmass 
but  could  not  return  to  the  ice  cap  base 
even  though  It  was  only  6 mi  away  and 
clearly  visible  from  the  edge  of  the  ice  cap. 
Another  environmental  problem  encountered 
involved  parachuting  of  supplies  by  aircraft, 
In  high  winds  parachutes  would  drag  after 
hitting  the  ground  and  disperse  their  louds 
over  large  areas  since  the  terrain  presented 
no  obstacles  to  prevent  dragging.  An  auto- 
matic release  on  the  parachute  straps  was 
recommended.  Overall,  during  35  days  that 
the  helicopters  were  assigned  to  the  opera- 
tion, weather  interfered  with  flying  opera- 
tions on  1 7 days. 

Operation  Pole  Hop  in  1960  curried  out 
aerial  operations  in  the  polur  basin  north  of 
Ellesmere  Island  in  order  to  study  logistic 
and  operational  capabilities  in  extreme 
northern  regions  (Ref.  23).  Problems  were 
experienced  with  the  removal  of  ice  unci 
snow  from  engine,  control  surfaces,  and 
wings  of  U1A  aircraft  following  snow 
storms.  The  engine,  cowling,  carburetor  air 
intake,  and.  hollow  surfaces  of  the  empen- 
nage became  glazed  with  ice.  The  ice  and 
snuw  could  only  be  removed  with  heaters, 
400,000-Btu  units  being  required  to  thaw 
the  large  surface  areas  involved. 


4-4  IMPAIRMENT  OF  OPERATION  EXE- 
CUTION-DESERT CLIMATE 

The  major  characteristics  of  desert  en- 
vironments are  high  temperature,  high  solar 
radiation,  and  low  rainfall.  Deteriorative 
effects  of  these  factors  on  materiel  are 
discussed  In  Part  Two  of  this  bnvironmental 


Series  as  well  as  in  Chaps.  3 and  5 of  this 
part. 

In  general,  most  vehicular  problems  en- 
countered in  the  desert  environment  are 
caused  by  sand  and  dust  and  by  extreme 
high  temperatures.  Vapor  lock  is  a problem 
caused  by  high  temperatures  but  can  be 
prevented.  Vehicle  mobility  in  deep  sand 
and  powdered  clay  is  inadequate  in  many 
cases  and  the  entrance  of  sand,  dust,  and 
grit  causes  personnel  problems  as  well  as 
problems  with  the  operating  mechanisms  of 
vehicles.  Transmissions  and  engines  fail  much 
more  rapidly  than  in  temperate  uses.  Bat- 
teries rapidly  deteriorate  in  desert  regions 
because  of  the  high  temperutures.  Satisfac- 
tory fuels  and  lubricants  are  available  for 
desert  operations,  but  contamination,  pri- 
marily with  foreign  particulate  matter  in  the 
form  of  dust  and  grit,  is  a serious  problem, 

Special  equipment  is  required  to  supply 
cool  air  in  enclosed  spaces  and  to  maintain 
proper  relative  humidity  for  human  comfort. 
This  equipment  cannot  completely  filter  fine 
sand  and  dust  from  intake  air.  thereby 
causing  discomfort  to  personnel,  especially 
in  moving  vehicles.  The  problems  associated 
with  photographic  equipment  in  desert 
regions  are  those  attributable  primarily  to 
the  high  temperatures,  which  cause  changes 
in  processing  variables  and  rapid  deteriora- 
tion of  both  unexposed  and  exposed  film. 
Shelter  in  desert  regions  Is  not  nearly  so 
significant  as  in  arctic  regions,  yet,  in  many 
cases,  must  be  provided  for  protection  from 
heat  and  high  solar  radiation.  Problems  with 
electronic  equipment  in  desert  operations 
involve  the  high  temperature  and  the 
ambient  solar  radiation.  High  temperature 
limits  are  summarized  in  Fig.  4-10.  Hot 
spots  develop  around  operating  components 
that  dissipate  heat  and  ure  further  aggravated 
by  direct  exposure  to  solur  radiation.  Fine 
sand  and  dust  also  contribute  problems  by 
infiltrating  mechanicul  moving  parts,  thus 
causing  excessive  wear  und.  on  occasions, 
failure  of  equipment.  Generally,  in  desert 
areas  electronic  equipment  must  be  provided 
dust-free  ventilation  and  cooled  air  to 
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Figure  4-10.  High  Temperature  Limits  on  Operations  (Ref.  24) 
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maintuin  operational  reliability.  Table  4-15 
presents  some  of  the  difficulties  produced 
by  the  desert  environment  on  various  types 
of  ground  support  equipment. 

A number  of  field  exercises  have  been 
conducted  to  determine  the  effect  of  the 
desert  environment  on  military  materiel  und 
personnel.  Most  of  these  hu\e  centered 
around  evaluation  of  vehicular  performance 
and  capability.  Summer  desert  tests  were 
conducted  at  the  Yuma  Proving  Ground  on 
the  performance  of  ordnance  vehicles  und 
equipment  (Refs.  25-27).  As  u general  rule, 
these  tests  revealed  that  problems  resulting 
from  severe  mechunicul  and  thermul  stresses 
imposed  by  desert  operating  conditions  are 
not  unusuully  serious  or  difficult  to  solve. 
Transport  vehicles,  combat  vehicles,  und 
miscellaneous  components  were  tested.  Ex- 
amples from  these  tests  of  the  effects  of  the 
desert  environment  on  vehicular  performance 
ure  summarized  in  the  subparagruphs  that 
follow, 

4-4.1  MOBILITY 

The  mobility  testing  of  wheeled  vehicles 
confirmed  previously  developed  data  indicat- 
ing that  decreased  tire  pressures  increase 
vehicle  mobility  in  loose  sand,  enable 
vehicles  to  climb  steeper  grades  and  longer 
slopes,  increase  druw  bar  pulling  capacity, 
und  decreuse  resistance  to  towing.  In  addi- 
tion, comparative  tests  between  single-  und 
duaf  tired  vehicles  of  similar  types  clearly 
reveal  the  superiority  of  vehicles  equipped 
with  a larger  size  single  tire  in  traversing 
level  sandy  terrain  or  in  traversing  prepared 
or  unprepared  sand  dunes  or  other  types  of 
deep,  loose  sandy  terruin.  In  tests  at  Death 
Valley,  Calif.,  the  mobility  of  the  T43E1 
vehicle  was  hampered  by  the  protruding 
guns  striking  the  ground  when  traversing 
gulleys,  not  uncommon  in  desert  areas.  This 
is  a general  problem  with  vehicles  carrying 
long-barreled  weapons. 

4-4.2  VAPOR  LOCK 

In  one  desert  test,  only  a few  types  of 


wheeled  vehicles  equipped  with  standard  fuel 
pumps  could  be  operated  without  vapor  lock 
occurring.  During  another  test,  the  only 
wheeled  vehicle  found  suitable  without 
modification  was  the  Ml 35  Cargo  Truck, 
which  was  equipped  with  a submerge J-typ ' 
electric  fuel  pump  as  standurd  equipment.  In 
general,  the  replacement  of  the  standard  fuel 
pump  with  u submerged-type  pump  elimi- 
nated vapor  lock.  Most  main  engines  in 
tracked  combat  vehicles  tested  at  Yuma 
appeared  to  be  immune  to  vapor  lock.  In  all 
cases,  however,  auxiliary  engines  with  which 
they  were  equipped  experienced  severe  vapor 
lock  and  required  major  corrective  treat- 
ment, 

The  main  engine  fuel  system  for  the  155 
mm  self-propelled  gun  (T97)  experienced 
incipient  vapor  lock  with  the  A41-2  auxili- 
ary generator  engine.  During  these  summer 
tests,  a number  of  transport  vehicles  were 
tested  for  vapor  lock  characteristics  during 
operation  at  Death  Valley,  Calif.  The 
M38A1,  M37,  M35,  and  M54  Trucks,  all 
equipped  with  standard  fuel  systems.  failed 
to  meet  vapor  lock  specifications. 

4-4,3  VEHICLE  COOLING  SYSTEMS 

Wheeled  vehicle  cooling  systems  func- 
tioned satisfactorily  during  the  engineering 
and  cross-country  cooling  tests  conducted  in 
desert  tests  under  moderate  stresses  with  the 
exception  of  one  vehicle  With  more  rigorous 
test  conditions,  the  cooling  systems  generally 
did  not  function  satisfactorily.  The  cooling 
systems  of  trucked  vehicles  were  generally 
adequute  for  moderate  test  conditions  but 
were  inadequate  in  more  rigorous  conditions. 

The  lightweight,  general  utility,  1 /4-ton 
truck  fuiled  to  meet  cooling  specifications 
Cylinder  head  temperatures,  the  most  criti- 
cal. exceeded  525°F  during  road  tests  at  an 
ambient  temperature  of  105°F.  Tull  throttle 
cooling  tests  at  engine  speeds  above  1.800 
rpm  were  not  conducted  beeuuse  of  the 
critical  cylinder  head  temperatures.  The 
1 /4-ton  ambulance  (Ml 70)  failed  to  meet 
cooling  requirements  because  gear  and  truns- 
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DIFFICULTIES  PRODUCED  BY  THE  DESERT  ENVIRONMENT  ON  VARIOUS  TYPES  OP  GROUND 

SUPPORT  EQUIPMENT  <R«f  13) 


Environmental  effect 
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TABLE  4-16  IContlmwd). 

DIFFICULTIES  PRODUCED  BY  THE  DESERT  ENVIRONMENT  ON  VARIOUS  TYFBS  OF  GROUND 

SUPPORT  EQUIPMENT  iP«f.  131 


Materiel 

Environmental  affect 

Remedy 

Vtnt  Uatlon 

Inside  air  temperature  of  enclosed 
spaces  may  be  as  high  at  40  to 
SO  deg  F above  ambient.  The  fact 
that  ambient  temperature  may  go  as 
high  as  ’OO^F  and  higher  makes 
this  problem  critical. 

Suitable  ventilation  should 
be  provided,  but  this  pro- 
vision of  airflow  will  be 
complicated  If  the  area  Is 
subject  to  sand  storms. 

Foundations 

In  Mindy  areas,  sand  may  be  blown 
away  from  beneath  foundations. 

1 

This  can  be  prevented  by 
adding  to  the  depth  of  the 
wall  beneath  the  surface, 
or  by  placing  the  shelter 
In  a position  where  It  can- 
not be  undermined  by  the 
wind.  Foundation  con- 
struction Is  greatly  sim- 
plified, because  the  send, 
when  confined  and  compac- 
ted, makes  an  excellent 
base.  Desert  areas  pro- 
vide very  suitable  foun- 
dations. 

Masonry 

and 

aarth 

Stone  and  mud  bricks  are  the  only 
available  building  material. 

There  are  few  climatic  and 
environmental  factors  that 
promote  undue  deterioration 
In  masonry  materials:  In 
fact, the  chief  agencies  of 
destruction  In  the  temper- 
ate sones  (frost  and  cor- 
rosive gases)  are  virtually 
absent  In  the  desert. 

When  soundly  constructed, 
earth  shelters  may  last  for 
a very  long  time  In  dry 
climates.  The  principal 
factor  deteriorating  such 
shelters  Is  water. 

Roofs 

Intense  solar  radiation  makes 
Indoor  temperature  extremely 
high  unless  adequate  roof  In- 
sulation Is  provided, 

All  buildings  should  be 
designed  with  particular 
attention  to  roof  insula- 
tion, either  by  double 
roofs  or  suitable  insula- 
ting materials , or  both. 
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TABLE  4-16  (Continued). 

DIFFICULTIES  PRODUCED  BY  THE  DESERT  ENVIRONMENT  ON  VARIOUS  TYPES  OF  OROUND 

SUPPORT  EQUIPMENT  <Ro».  13) 


Nats  rl  si 

Envl  ronmental  effect 

Remedy 

luatiaiDto 

Oust  and  sand  In  conjunction  with 
shock  and  vibration  In  the  desert 
permit  erosive  materials  to  pass 
screens  and  seals  Into  lubricants 
and  cause  excessive  wear  on  all 
moving  or  bearing  surfaces. 

Frequent  Inspection, 
cleaning,  and  excellent 
maintenance  are  required 
to  keep  dust  and  grit  out 
of  lubricants. 

Air  cleaners  become  quickly  clog- 
ged, resulting  In  quick  cylinder 
and  ring  wear  by  the  entrance  of 
grit  to  the  lubricating  system. 

Clean  air  cleaners  every 
10  hr. 

See  "Lubricants," 
Table  4-16. 

See  "Lubricants," 
Table  4-16. 

Electrl  cal 
power  gener- 
ating equip- 
msnt 

Gasoline  and 
dlasel 
driven 
generating 
equipment 

The  major  difficulties  of  diesel 
and  gasoline  power  plants  aggra- 
vated by  the  desert  are  those 
caused  by  sand  and  dust,  high 
atmospharlc  temperatures,  and 
Intense  solar  radiation. 

The  difficulties,  as 
compared  to  vahlcle  power 
plants,  are  generally 
alleviated  by  their  In- 
herent Installation,  being 
sheltered  from  blowing 
sand  and  dust  and  In- 
tense solar  radiation. 

The  difficulties  exist 
unrelieved  for  portable 
and  unsheltered  engines. 

Generators 
and  motor 
generators 

Wear  of  carbon  brushes  Is  exces- 
sive In  dry  atmospheres. 

The  conditioning  of  the 
atmosphere  appears  to  be 
the  solution. 

Bearings  seize  at  extremely  high 
ambient  temperatures.  The  dif- 
ferent coefficients  of  expansion 
of  bearings  and  journals  cause 
seizing  and  also  Increase  wear. 

Electric  motor  ball  bearings 
fall  prematurely  at  high  ele- 
vated temperatures  ( 1 50 0 C ) be- 
cause of  poor  lubrication  and 
bearing  design.  Also  lubricants 
flow  out  of  bearings  and  attack 
Insulation. 

Silicone-lithium  soap 
greases  give  satisfactory 
1,000  hr  continuous 
operation  at  150#C  with- 
out regreasing. 
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TABLE  4-15  (Continued).  i 

DIFFICULTIES  PRODUCED  BY  THE  DESERT  ENVIRONMENT  ON  VARI0U8  TYPES  OF  GROUND 

SUPPORT  EQUIPMENT  (Rtf.  13) 


Materiel 


Dry  cell 
batteries 


Environmental  effect 


At  high  temperatures  dry  cell 
batteries  corrode  at  an  In- 
creased rate,  leading  to  an 
excessive  drying  and  a de- 
crease in  electrical  capacity. 
This  problem  Is  particularly 
critical  during  storage. 


Remedy 


The  lubricating  system 
should  be  so  designed 
that  the  fluid  bled  from 
the  grease  will  migrate 
Into  the  bearing. 

Dry  cell  batteries  should 
be  stored  at  temperatures 
between  0*  and  dOT.  Re- 
tention of  98*  of  their 
capacity  for  two  years  Is 
thus  possible.  When  re- 
frigeration facilities  at 
these  low  temperatures  are 
not  available  (and  gener- 
ally they  are  not),  storage 
at  temperatures  of  35°  to 
458F  obtained  In  most  types 
of  refrigeration  units  will 
considerably  improve  shelf 
life. 


Wet  cell 
batteries 


The  effects  of  high  temperature 
on  lead  acid  batteries  are: 

(1)  loss  of  capacity  during 
short  storage  or  Idling 

(2)  deterioration  during  long- 
term storage 

(3)  loss  of  water 

(4)  shortened  life. 


These  difficulties  can  ba 
overcome  by: 

(1)  recharging 

(2)  cool  storage 

(3)  replenishing  of  lost 
water 

(4)  avoiding  internal  heat 
due  to  solar  radiation  and 
by  proper  maintenance  and 
Installation. 


Vehicles 


Self-pro-  The  major  operating  problems 

pel  led  confronting  all  types  of 

vehicles  In  the  desert  are 
those  caused  by  contact  with 
sand  and  dust,  rough  tarrain, 
dally  high  atmospheric  tem- 
peratures,and  the  high  Inci- 
dence of  ozone  and  solar 
radiation. 


Sealing,  filtering,  and 
screening  should  be  used 
where  possible.  Inspection 
and  maintenance  should  be 
complete,  frequent, and 
periodic  with  short  Inter- 
vals for  vital  parts.  Heat 
resistant  materials  and 
coatings  should  be  used. 
Trained,  experienced  opera- 
tors should  be  employed. 
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DIFFICULTIES  PRODUCED  BY  THE  DESERT  ENVIRONMENT  ON  VARIOUS  TYFE8  OF  GROUND 

SUFPORT  EQUIPMENT  (Rtf.  13) 


Materiel 

Environmental  effect 

Remedy 

Rough  terrain  and  lack  of  roads 
cause  abnormally  high  stresses 
resulting  In  excessive  breakdowns. 

Power  plants 

Engines  are  Inclined  to  overheat 
In  the  desert. 

Operate  engine  within  or 
below  capacity.  Keep 
system  filled  with  corro- 
sion resistant  coolant. 
Meticulous  maintenance 
Is  required. 

Vapor  lock  may  occur  In  high  tem- 
peratures especially  If  combined 
with  low  atmospheric  pressure. 

Fuel  pumps  and  fuel  lines 
should  be  located  In  a 
free  flow  of  air  and  away 
from  the  heat  source. 
Insulation  protection  may 
be  Installed.  Temporary 
expedient  wet  cloth  wrap- 
pings may  be  used.  Sub- 
merged fuel  pumps  pre- 
vent vapor  lock. 

Engine  attachments  are  subjected 
to  heavy  stresses  In  desert 
terrain.  Brackets  such  as  the 
oil  filter  bracket,  crankshaft 
pulleys,  fan  belts,  water  pumps, 
exhaust  piping, mufflers,  and 
other  auxiliaries,  Including 
Instruments  and  panels,  have  not 
possessed  the  required  strength 
for  durability  and  reliability. 

Design  of  thicker,  heavier 
parts,  or  selection  of 
special  metals  for  parti- 
cular par*-*  to  provide 
greater  . rengtn  and 
longer  life. 

Transmission 
and  Gearing 

In  general,  filler  plugs  for 
transmission  and  transfer  cases 
are  often  difficult  to  remove. 
Frequent  shifting  of  gears  In 
difficult  and  deep  sand  terrain 
causes  accelerated  wear. 

Plugs  should  be  designed 
to  provide  ease  of  removal 
and  replacement.  Plugs 
should  be  frequently  In- 
spected and  carefully  main- 
talned  and  cleaned  before 
replacing.  Automatic 
transmissions  should  be 
durable  to  meet  desert 
stresses  and  shift  me- 
chanisms should  be  easily 
operated  for  frequent  use. 

Materiel 


Chassis 


Traction 


Preservatives 


Rubber,  natural  and  synthetic, 
deteriorates  when  exposed  to 
heat,  light,  oxygen,  or  ozone. 
This  affects  mountings  and 
seals  In  addition  to  tires. 
Tire  life  Is  short  In  the  hot, 
rugged,  sandy  terrain. 


The  deep  sand  and  powdered  clay 
of  the  desert  give  poor  traction 
surface  to  wheeled  vehicles. 
Powered  wheels  dig  themselves 
Into  ruts  and  heavy  loads  aggra- 
vate  the  condition.  Dual  wheals 
and  tires  have  proven  to  be  less 
effective  than  single  tires. 


Sand  and  dust  cause  excessive 
wear. 

Cooling  systems  become  clogged 
with  rust.  Crankcase  develops 
sludge,  Bearings  corrode. 
Exhaust  valves  stick. 


Observations  show  that  heavy 
dust  required  changing  oil 
cleaners  every  10  hr  and 
lubricating  oil  about  every 
150  hr.  In  high  atmospheric 
temperatures,  grease  Is 
thrown  out  of  the  bearings 
and  becomes  unstable  In 


.<o  acceptable  solution  has 
been  obtained.  However, 
100  X GRS  synthetic  rubber 
has  stood  up  well  for 
engine  mountings  and  brake 
cylinder  cups.  As  a coat- 


ing for  rubber  parts  ex- 
posed to  the  desert  atmo- 
sphere, vinyl Ite  seems 
best.  Reduced  tire  Infla- 
tion aids  mobility. 

The  use  of  single,  par- 
tially Inflated  tires  has 
been  mere  satisfactory 
than  multiple  tires.  Mod- 
erate application  of  the 
available  power  by  expe- 
rienced drivers  Is  best 
for  starting  the  horizon- 
tal movement.  Oversize 
balloon  sand  tires  are 
helpful. 

Brakes  must  be  shielded  from 
sand  and  dust. 

These  problems  usually  can 
be  corrected  by  frequent 
Inspection  followed  by 
necessary  maintenance. 
Correct  pH  values  for 
coolant  may  be  determined 
by  a phenophthaleln  In- 
dicator. Engine  sludge 
can  be  prevented  with 
covers  and  seals  and  with 
maintenance i bearing 
corrosion  by  the  use  of 
the  proper  lubricant. 

Careful,  frequent  In- 
spection and  maintenance 
with  special  attention 
to  seals,  covers,  and 
packing  Is  required. 


AMCR70S-11S 


TABLE  4-tB  (Continued). 

DIFFICULTIES  PRODUCED  BV  THE  DESERT  ENVIRONMENT  ON  VARIOUS  TYRES  OF  GROUND 

SUFRORT  EQUIPMENT  (Rtf.  13) 


Materiel  Environmental  effect  Remedy 


The  effect  of  high  temperatures 
on  the  ability  of  personnel  to 
work  efficiently  Is  the  limiting 
factor  of  trailer  operation. 


Electronic  components  required  to 
operate  at  high  temperatures  of 
about  165® F suffer  a serious  re- 
duction In  life. 

Excessive  wear  of  moving  parts  Is 
caused  by  fine  sand  and  dust. 


Vibration  and  shock  Induced  by 
poor  roads  and  rough  terrain 
causa  excessive  damage  to  equip- 
ment Items  Installed  In  trailers. 

Tires  and  rubber  parts  suffer 
ozone  cracks  when  exposed  under 
strain. 


Exposure  to  direct,  sunlight  causes 
a cracked  condition  on  the  sur- 
face which  Is  quite  different 
from  that  produced  by  ozone. 
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mission  oi!  temperatures  were  high.  The 
1 /4-ton  utility  truck  (XMI5I)  fulled  to  meet 
cooling  requirements  under  more  severe 
operating  conditions  because  temperatures  of 
various  critical  items  exceeded  the  specified 
limits  during  full  throttle  vehicle  operation 
at  100°F  ambient.  Cooling  characteristics 
probably  would  be  borderline  for  road  load 
operations  at  125°F  ambient  temperature. 
The  2-1 /2-ton  cargo  truck  (M35 ) would  not 
meet  cooling  specifications  during  the  more 
severe  throttle  operations  at  low  road 
speeds.  Failures  experienced  during  the 
10,000  mi  lubricant  test  included  excessive 
ring  and  pinion  gear  wear  on  the  M37 
Truck,  a center  main  bearing  failure  on  a 
M35  Truck  (attributed  to  high  engine-oil 
temperature),  and  two  transmission  failures 
on  M21 1 Trucks. 

In  the  combat  vehicles,  cooling  character- 
istics of  standard  M48  vehicles  were  found 
to  be  unsatisfactory  because  cylinder  head 
temperatures  reached  534° F during  tests  at 
107°F  ambient, 

4-4.4  WEAPONS  AND  RELATED  COMPO- 
NENTS 

Most  weapons  tested  required  special 
emplacement  on  the  gravel  and  hard  ground 
terrain  found  in  the  desert  environment; 
however,  the  105  mm  howitzer  seuted 
satisfactorily  in  all  types  of  desert  terrain. 
Ammunition  functioned  satisfactorily  al- 
though obscuration  resulting  from  the  effect 
of  muzzle  blast  represented  a minor  prob- 
lem. The  T156E1  Telescope,  the  M20A1 
Periscope,  and  the  T46E1  Rangefinder  on 
the  fire  control  system  on  the  M48  Tank  did 
not  maintain  alignment  during  a 500-mi 
cross-country  test.  The  firing  of  rocket 
launchers  from  dry  desert  soils  resulted  in  a 
large  dust  cloud,  which  could  reveal  the 
iauncher  position. 

The  variation  of  temperature  with  height 
over  arid  and  many  semiurid  surfaces 
produces  a tendency  for  stable  air  conditions 
during  the  night,  an  important  consideration 
in  employment  of  chemical  agents  and  a 


consideration  in  ballistics.  High  daytime 
temperatures  and  the  consequent  decrease  of 
air  density  arc  important  in  ballistics  and 
may  also  create  a need  for  longer  aircraft 
runways. 

4-4.5  GENERAL  OPERATIONS 

During  cross-country  operations,  dust 
clouds  produced  by  tracked  vehicles  limited 
visibility  to  a considerable  extent  and 
betrayed  position.  During  tests  of  tracked, 
armored  infantry  vehicles,  personnel  com- 
partment temperatures  range  from  15  to  18 
deg  F above  the  prevailing  ambient  tempera- 
ture, causing  considerable  crew  discomfort. 
Opening  of  ventilation  ports  allowed  dust  to 
enter  the  personnel  compartment,  also  caus- 
ing crew  discomfort.  The  provision  of 
respirators  for  ctew  members  and  passengers, 
as  well  as  improved  methods  of  air  intake,  is 
desirable.  Dust  conditions  impaired  the 
cooling  ability  of  combat  vehicles  after  short 
periods  of  cross-country  operation.  High 
umbient  temperatures,  solar  radiation,  heat 
transfer  from  power  packages,  and  dust 
conditions  caused  discomfort  and  fatigue  to 
operating  personnel.  The  transmission  and 
engine  control  linkages  of  combat  vehicles 
frequently  experienced  malfunction  because 
of  the  entrance  of  dust  during  cross-country 
vehicle  operations.  Entrance  of  dust  through 
the  air  cleaners,  combustion-air  induction 
systems,  and  other  openings  still  presents  a 
mujor  problem  to  combat  vehicle  engines, 

Hcut  and  type  of  work  dictate  the 
amount  of  wutei  needed  by  a person  in  arid 
und  semiarid  areas.  A man’s  daily  wutei 
requirement  while  doing  strenuous  work  is 
25  quarts  when  the  temperature  is  120°F. 
10  times  his  requirement  when  the  tempera- 
ture is  60° F,  Operational  effectiveness  be- 
comes impaired  rapidly  when  water  intake  is 
seriously  deficient.  Survival  time  lor  men 
without  wuter  is  only  2 or  3 days  when  the 
mean  temperature  is  ubovc  90°  F. 

Excessive  heat  causes  a reduction  in  the 
quulivy  of  performance  of  skilled  tasks. 
While  little  difference  in  quality  hus  been 
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noted  between  work  done  with  temperatures 
in  the  8Q’s  from  that  with  temperature  in 
the  70’s,  deterioration  increases  quickly  as 
the  temperature  climbs  from  90°  to  over 
100°F,  Although  the  heat  commonly  experi- 
enced in  the  very  hot  and  extremely  hot 
climates  greatly  increases  man’s  need  for 
water,  average  food  intuke  has  been  found 
to  diminish  by  as  much  as  10  to  IS  percent. 

High  temperatures  affect  storage  of  perish- 
able and  volatile  supplies.  Food  storage  is 
most  critical,  both  because  the  deterioration 
rate  is  more  sensitive  to  temperature  and 
because  it  is  less  safe  to  use  questionable 
supplies. 

4-5  IMPAIRMENT  OF  OPERATION  EXE- 
CUTION-TROPICAL ENVIRONMENT 

The  most  commonly  discussed  effects  of 
environment  in  the  Tropics  on  materiel  are 
deterioration  and  corrosion.  So  overpowering 
are  these  effects  that  most  of  the  iiteruture 
concerning  the  tropical  environment  and  its 
effects  on  materiel  are  devoted  to  descrip- 
tions of  these  deteriorative  processes,  Al- 
though deterioration  occurs  in  other  environ- 
ments, it  occurs  much  more  rapidly  (particu- 
larly the  growth  of  fungus)  in  the  Tropics 
and  the  resulting  deterioration  cun  be 
surprisingly  rupid.  Becuuse  of  the  abundunce 
of  moisture  in  the  tropicul  environment, 
metallic  corrosion  is  rupid.  Since  deteriora- 
tive processes  are  most  severe  in  the  tropical 
environment,  the  major  discussion  of  tropi- 
cal environmental  effects  on  materiel  is 
contained  in  par.  4-6,  "Impairment  of 
Operational  Readiness". 

Rain  and  moisture,  high  ambient  tempera- 
tures, biological  attack,  and  solar  rudiution 
are  the  primury  environmental  factors  that 
produce  deleterious  effects  upon  muterlel. 
Such  radiation  is  not  as  significant  a factor, 
however,  as  in  the  desert  environment. 
Electrical  power-generating  equipment  that 
employs  wet  cell  batteries  encounters  diffi- 
culties in  tlie  Tropics  us  In  the  desert  regions 
because  of  the  accelerated  deterioration  of 
cells  at  high  temperatures. 


Environmental  control  equipment  in  tropi- 
cal areas  is  employed  primarily  to  cool  and 
dry  the  air.  Because  the  Tropics  ideally  are 
suited  to  growth  of  microbiological  orga- 
nisms and  many  forms  of  macrobiological 
organisms  such  as  insects,  there  are  signifi- 
cant requirements  in  controlling  these  en- 
vironmental factors.  Termites  are  a very 
significant  problem  In  the  Tropics  and  attack 
virtually  all  items  in  which  celluloslc  mate- 
rials are  used.  Fungi  rapidly  attack  virtually 
all  kinds  of  textile  and  leather  materiel 
unless  proper  control  is  applied.  Photo- 
graphic equipment  in  tropicul  ureas  Is  subject 
to  corrosion,  particularly  Interior  metal 
parts,  to  the  extent  that  the  equipment 
rupidly  can  become  inoperative.  The  prob- 
lem of  sculing  out  moisture  in  photographic 
equipment  is  acute, 


Most  of  the  problems  associated  with 
shelter  in  the  Tropics  are  those  Involved  in 
providing  protection  of  equipment  and 
personnel  from  insect  uttucK,  high  humidity, 
und  high  temperature.  Because  of  the 
severity  of  the  termite  dumuge  problem.  It 
must  be  considered  in  the  construction  of  all 
shelters  in  the  Tropics, 

Electronic  equipment  is  severely  tested  in 
the  tropical  environments.  It  is  necessary  to 
combat  moisture,  fungous  growth,  and  the 
ingress  of  insects  that  feed  on  organic 
material  or  spin  webs  that  act  as  conductors 
when  wet.  Much  progress  lias  been  made  in 
tropical  proofing  of  electronic  equipment; 
however,  constant  inspection  and  care  are 
still  required  to  insure  operati  >n  in  the 
tropical  environment.  Ground  electronic 
equipment  should,  wherever  possible,  be 
installed  und  operated  in  houses  and  shelters 
that  provide  temperature  and  humidity 
control  und  protection  agui..jt  insect  attack. 
Storage  of  equipment  und  repuir  parts  is  also 
extremely  Important  since  these  components 
also  are  attacked  readily  by  the  tropicul 
environment.  Table  4-16  details  some  of  the 
difficulties  produced  by  the  tropical  environ- 
ment or  vurious  types  of  ground  support 
equipment. 
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TABLE  4-16, 

DIFFICULTIES  PRODUCED  BV  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  QROUND 

SUPPORT  EQUIPMENT  {R«f.  13) 


Materiel 


Environmental  effect 


Remedy 


Electronic 

equipment 


Moisture  due  to  heevy  rainfall 
and  high  humidity  Is  the  basic 
cause  of  corrosion  and  fungous 
growth  that  quickly  result  In 
malfunctioning,  deterioration, 
and  ultimately  In  the  destruc- 
tion of  electronic  equipment. 
Similar  difficulties  occur  In 
radar,  radio,  or  control  units 
without  distinction  as  to  the 
equipment  function. 


Fungous  growths  may  appear  on  any 
material.  The  most  vulnerable 
are  cellulose,  cordage,  cotton, 
felt,  glue,  leather,  paints, 
paper,  phenol Ics,  varnish,  and 
waxes.  They  also  attack  Instru- 
ment lenses  and  windows.  Rough 
surfaces  support  the  growth. 
Fungus  reduces  resistance  be- 
tween parts,  causes  currents 
and  cross  talk. 


Air  conditioned  spaces 
control  the  humidity  and 
the  temperature,  ellmlnat- 
Ino  the  first  two  of  the 
following  four  require- 
ments for  fungous  growth: 
jl)  humidity,  above  70S 

(2)  temperature,  above 
50°F. 

(3)  food  for  the  fungi, 
and 

(4)  oxygen. 

Selection  of  fungus-proof 
materials  Is  a means  for 
the  control  of  fungous 
difficulties.  Coatings 
have  been  developed  that 
give  very  good  protection, 

Fungous  growth  Is  best 
controlled  by  alr-con- 
ditlonod  spaces.  Circula- 
tion of  dry  air  and  the 
application  of  fungus- 
resistant  materials 
assist  In  preventing 
growth.  Cleaning,  oiling, 
careful  detailed  Inspec- 
tion of  small  parts,  ex- 
cellent maintenance,  the 
use  of  fungus -resistant 
coatings,  hermetic  seals, 
and  desiccants  as  appro- 
priate and  practical  are 
the  usual  methods  of  con- 
trol. Any  method  that: 
either  eliminates  moisture 
or  maintains  the  tempera- 
ture below  50° F will 
eliminate  fungus. 
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TABLE  4-18  (Continued). 

DIFFICULTIES  PRODUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 

8UPFORT  EQUIPMENT  (Raf.  13) 


Materiel 

Environmental  effect 

Remedy 

Shock  damage  Is  aggravated  in  the 
tropics  by  corrosion  and  fungous 
damage  that  follow  the  breaking 
of  seals  or  other  protective 
measures. 

Shock  damage  Is  prevented 
by  careful  handling, 
proper  storage,  reusable, 
well  constructed  contain- 
ers having  molded  or 
other  cushioning  supports. 
Materials  should  be  re- 
tained In  their  original 
package  until  their  use  Is 
required.  All  packages 
should  be  ruggedly  designed 
to  withstand  rough 
handlinq. 

Components 

Electronic  components  in  every 
day  use  In  areas  of  high  mois- 
ture content  escape,  for  the 
most  part,  the  damage  suffered 
by  corponents  standing  Idle  or 
In  storage.  The  heat  generated  ! 
during  periods  of  operation  Is 
sufficient  to  keep  equipment 
dry  and  thus  free  of  fungous 
growth. 

Equipment  str  iding  Idle  or 
In  storage,  f not  pack- 
aged to  seal  out  moisture, 
must  be  kept  dry  or  else 
be  thoroughly  dried  out 
before  being  put  Into 
service.  Wherever  possible, 
components  should  be  her- 
metically sealed  as  added 
protection  against  mois- 
ture and  funqus. 

Lubricants 

Wheel  and 
bearl  no 
arease 

Some  greases,  designated  for 
use  from  -65p  to  125ar  are  un- 
satisfactory for  wheel,  ball, 
and  roller  bearings  In  tropical 
climates  because  they  become 
fluid  arid  are  not  water  repellent. 

Care  must  be  exercised  In 
selecting  a grease  that 
satisfactorily  meets  the 
requirements  for  tempera- 
tures and  water  conditions. 

Oil  seals 

Oil  seals  In  gear  boxes  leak  at 
high  temperatures. 

Use  of  a heavier  lubricat- 
ing oil  Prevents  seal  leaks. 

Gears  and 
gear  boxes 

r<ar  and  gear  boxes  become  cor- 
roded and  rusted  after  periods 
cf  storage. 

i 

i 

1 

1 

Means  for  rust  Inhibiting 
and  corrosion  protection 
must  be  Incorporated  In 
the  regularly  used  oil. 
Seals  against  the  entrance 
of  moisture  should  be 
provided. 
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TAILS  4>1C  (CoMkwwd). 

DIFFICULTIES  FftOOUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 

SUPPORT  EQUIPMENT  (Ref.  13) 


Materiel 


Environmental  effect 


Remedy 


6*1’  bearings 


Gasoline 

storage 

tanks 


Ball  bearings  cause  trouble  by 
.failure  of  lubricants  at  high 
temperatures. 


Steel  gasoline  storage  tanks  cor- 
rode. 


Gasoline  tanks  deteriorate  from 
molds  and  bacteria. 


Ball  bearing  lubricants 
meeting  high  temperature 
requirements  give  the  best 
results. 

Coated  tanks  should  be 
employed. 


Coatings  for  gasoline  tanks 
must  Incorporate  a biostatic 
agent. 


Woodtn  Subterranean  termites,  abundant 

shelters  In  the  tropics,  attack  spora- 

dically and  destroy  wooden 
members. 


Proper  construction  and  use 
of  termite  resistant  or 
chemically  Impregnated  wood 
are  the  best  preventive 
measures.  All  wood  In  or 
around  the  ground  near  the 
shelter  should  be  removed 
to  prevent  termites  from 
starting  a colony.  Wooden 
members  should  not  come  In 
contact  with  the  ground  or 
near  It.  Shrubs  and  trees 
In  contact  with  the  shel- 
ter should  be  avoided  or 
removed. 

The  best  type  of  foundation 
Is  reinforced  concrete, 
free  from  cracks.  This 
type  of  foundation  prevents 
termites  from  entering  and 
forces  them  to  build  mud 
tunnels  over  the  foundation 
which  can  be  detected  by 
frequent  Inspections. 
Placing  of  metal  shields 
between  the  foundation  and 
superstructure  forms  a 
barricade  which  Increeses 
the  effectiveness  of  a 
suitable  foundation. 
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TABLE  4-11  (ContimMd). 

DIFFICULTIES  RROOUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 

SUPPORT  EQUIPMENT  (R«*.  IS) 


Materiel 


Environments)  effect 


Many  specter.  of  fungi  esuse  wood 
decay. 


Algse  growth  may  cause  surface 
staining  and  mild  etching  of 
concrete,  cement  mortar,  and 
cement  painted  surfaces,  and 
shorten  the  life  of  cement 
paint  coatings. 


Remedy 


The  preservation  of  wood 
against  decay  depends  on 
the  use  of  well 'seasoned 
durable  woods,  suitable 
wood  preservatives,  pro- 
visions for  adequate 
ventilation  between  floor 
and  the  ground,  and  steps 
to  prevent  prolonged  con- 
tact with  water.  Wood, 
when  kept  dry,  Is  imper- 
vious to  fungous  attack. 
In  order  to  decay.  It 
must  contain  moisture  In 
an  amount  of  20*  or 
greater,  of  Its  weight. 

It  Is  Important  that  no 
paint  be  applied  to  wood 
until  It  has  dried  out 
thoroughly.  Good  quali- 
ty coal  tar  creosote  Is 
one  of  the  best  preser- 
vatives. Usually,  woods 
treated  or  naturally  re- 
sistant to  tnrmltes  are 
resistant  to  fungi. 


El actrl cal  power 
generating 


Qasollne  and 


driven  gene- 
rating equip 
ment 

Generators 
and  motor 
generators 


The  major  difficulties  of  gaso- 
line and  diesel  engines  are  slml 
lar  to  those  listed  under 
"Vehicles 


Moisture  corrodes  metal  parts, 
short  circuits  wiring,  and 
Increases  operating  maintenance. 
Corrosion  jams  governor  mecha- 
nisms and  commutating  brushes, 
fungus  spreads  rapidly  on  In- 
sulation that  hat  not  been 
fungus  proofed. 


Commercial  equipment  that 
Is  not  tropicalized  will 
always  fall  In  the  tropics. 
It  should  be  avoided. 
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TABLE  4-18  (Continued). 

DIFFICULTIES  PRODUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 

8UPP0RT  EQUIPMENT  (Rtf.  13) 


Mtttrltl 

Environmental  effect 

Remedy 

Wet  cell 

(See  Table  4-15,  under  HElectr1- 

(See  Table  4-15,  under 

batteries 

cal  Power  Generating  Equipment".) 

"Electrical  Power  Gener- 
ating Equipment".) 

Vehicles 

Self-propelled 

The  difficulties  In  the  tropics 
are  due  to  heavy  rainfall,  Moh 
humidity,  fungi  and  other  biolo- 
gical growths. 

Proper  lubricants  and 
coatings  for  materials  off- 
set humidity  and  biological 
growths.  Solar  radiation 
difficulties  are  overcome 
by  simple  shelters  or 
covers.  Provision  for 
drainage  and  breathing  must 
be  provided  In  all  closed 
spaces . 

Trailers 

The  major  problems  are  the  deg- 
radation of  materials  under  the 
Influence  of  moisture  and  fun- 
gous growth,  and  the  discomfort 
of  personnel. 

Most  types  of  trailers, 
particularly  those  within 
which  personnel  must  work, 
lend  themselves  to  the 
Installation  of  air  con- 
ditioning equipment. 

Where  not  possible  to  , 
employ  air  conditioning, 
the  solution  to  the  pro1 
blem  becomes  one  of  con- 
tinuous Inspection,  care, 
and  maintenance  to  keep 
the  components  dry  and 
operable. 

Dollies 

The  major  problem  Is  the  co- 
roslon  of  unprotected  materials 
caused  by  contact  with  moisture. 

Maximum  application  of 
surface  protectlves  and 
continual  removal  of 
moisture  are  required. 
The  most  dependable  pro- 
tection Is  afforded  by 
air  conditioned  shelter 
or  by  the  use  of  an 
external  source  of  dry 
air. 

Sparo  parts 

Same  as  dollies. 

In  addition  to  the  Infor- 
mation on  dollies  above, 
It  Is  Imperative  that 
parts  In  storage  be 
properly  packaged  to  seal 
out  moisture. 
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DIFFICULTIES  PRODUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOU8  TYPES  OF  GROUND 
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Haterlel 


Environmental  effect 


Remedy 


Cameras 


cements 


Cameras  give  trouble  by  fogging 
and  misting  of  glass  components, 
biological  Infestations,  mold 
growth,  drying  out  of  cements 
and  sealing  materials,  and  de- 
posit of  volatile  components 
of  lubricants  and  greases. 

Functional  units  such  as  gears, 
cams,  and  shafts  corrode 
readily. 


The  watch-ilka  construction  of 
between-the-lens  mechanisms 
renders  them  especially  suscep- 
tible to  rust. 

Rusted  roller  pivots  cause  slow 
and  erratic  curtain  speeds,  end 
trip  levers  of  focal -plane 
shutter  curtains  function  Im- 
properly. The  shutter-tripping 
mechanisms  may  be  Impaired  by 
rust  on  either  the  trip  lever, 
cam  stop  lever,  or  snubber 
segment. 

The  normal  gliding  action  between 
the  retard  segment  or  pal’let  Is 
lost  If  rusting  occurs  on  either 
part. 

Bonding  cements  deteriorate  under 
prolonged  exposure  to  sunlight 
and  moisture,  showing  rainbow- 
like  patterns  and  edge  separation.! 


Troplcallzatlon  of  camera 
equipment  In  which  all 
possible  measures  are 
taken  to  seal  out  moisture 
and  keep  Interior  spaces 
dry  will  produce  the  best 
results. 

Protective  finishes  have 
not  been  entirely  satis- 
factory. Application  of 
a thin  film  of  oil  or 
grease  which  Is  continually 
renewed  Is  the  best  pre- 
ventive. 

Continual  cleaning  Is 
essential  to  Insure  re- 
moval of  moisture. 


Same  as  previous  two 
remedies. 


Same  as  previous  two 
remedies. 


There  Is  no  completely 
satisfactory  all-purpose 
cement ; however,  this 
situation  is  Improving. 
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DIFFICULTIES  PRODUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 

SUPPORT  EQUIPMENT  (Rtf.  131 


Materiel 

Environmental  effect 

Remedy 

Projectors 

i 

Projector  equipment  Is  usually 
more  permanently  Installed  and 
much  more  likely  to  be  adequately 
sheltered  than  cameras;  however, 
all  of  the  difficulties  en- 
countered are  the  same  as  for 
cameras . 

Adequate  preventive  mainte- 
nance and  careful  super- 
vision can  Insure  maximum 
reliable  operation. 

Film 

Exposed,  developed,  and  unexposed 
film  alike  suffer  from  deterio- 
ration typified  by  etching  and 
spottl  ng. 

Photographic  film  and 
plates  must  be  protected 
from  temperatures  In  ex- 
cess of  60® F,  and  papers, 
70*F,  and  relative  humi- 
dities maintained  between 
40  and  60#  for  optimal 
res  ults. 

Photographic  film  and  plates, 
after  prolonged  exposure  In 
areas  of  high  relative  humidi- 
ty, become  attacked  by  microbes 
which  will  eventually  liquefy 
or  consume  the  gelatin.  Fun- 
gous attack  Is  sometimes  asso- 
ciated with  Infestation  b.y 
mites. 

Incorporating  fungicides 
In  the  emulsion  has  not 
been  entirely  satisfactory. 
Minor  fungous  damage  can 
be  repaired  by  certain 
cleaning  methods.  An 
extremely  thin  film  of 
wax  applied  to  the  aur- 
face  Is  beneficial. 

For  long-term  storage, 
film  must  ba  cleaned  and 
dried  at  regular  Intervals. 

Heat,  like  moisture,  makes  film 
soft  and  pliable  and  reduces 
tensile  strength,  while  very 
low  temperatures,  on  the  con- 
trary, make  It  brittle.  Emulsion 
coated  film  Is  more  brittle  than 
the  base  alone. 

Film  should  not  ba  stored 
at  temperatures  In  excess 
of  70° F nor  lower  than 
B*F. 

Electrical 
systems : 
permanent  and 
portable  field 
lighting, 
floodlights 
and  components 

In  the  presence  of  high  humidity, 
materials  such  as  phenolic  resins, 
Insulating  tape,  and  cadmium- 
plated  materials  corrode. 

Humidity  control  measures 
or  the  removal  of  the  con- 
taminating materials  from 
contact  with  the  cadmium- 
plated  materials  will  con- 
trol the  corrosion. 
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DIFFICULTIES  PRODUCED  BY  THE  TROPICAL  ENVIRONMENT  ON  VARIOUS  TYPES  OF  GROUND 
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Materi  *1 


Envl  ronmantal  tffsct 


Ramedy 


El  tetri  c«1 
generation 
and 

distribution 


Instets  and  rodents  art  a pri- 
mary sou  ret  of  troublt  for 
tlsctrlcal  systems  In  the 
Tropics. 


Cold  rubber  cabla  has  poor  re- 
tlstanca  to  mater,  humidity, 
sunlight,  oione,  fungus,  oils, 
and  grtasts. 


Woodtn  cabla  reals  decay,  whan 
exposed  to  high  humidity  and 
temperature,  to  such  an  extant 
that  It  Is  extremely  difficult, 
If  not  Impossible,  to  unwind 
the  cable. 


Ratproof  1 ng  and  screening 
of  enclosures,  frequent 
Inspection,  and  good 
maintenance  eliminate 
Insects  and  rodents. 

The  use  of  cold  rubber 
cable  should  be  avoided  In 
the  desert  and  Tropics. 
Insulating  compounds  have 
been  developed  that  are 
far  superior  and  whose 
physical  and  chemical  pro- 
perties are  excellent. 

Creosote  Is  a standard 
preservative  end  can  be 
used;  however,  the  treat- 
ed reels  cannot  be  paint- 
ed or  stenciled  with 
code  numbers  end  identify- 
ing marks.  Creosoted  wood 
will  bleed  from  the  effect 
ot  Intense  solar  radiation 
after  rains,  thus  losing 
Its  usefulness. 
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The  major  factors  affecting  operational 
execution  involve  terrain  and  terrain  inter- 
faces; e.g.,  in  amphibious  operations  involv- 
ing land  areas  protected  by  barrier  reefs,  the 
reefs  impose  significant  obstacles  to  the 
approach  of  landing  craft  and,  when  com- 
bined with  high  wind  and  waves,  can 
become  significant  hazards  to  operations. 

Rugged  terrain  typical  of  some  mountain- 
ous tropical  areas  poses  a barrier  to  the 
mobility  of  men  and  vehicles  just  as  such 
terrain  does  in  all  climatic  areas.  Land-water 
interfaces  cause  difficulties  in  the  tropical 
environment  in  the  same  manner  that  these 


difficulties  occur  in  other  environments. 
However,  in  the  tropical  environment  (par- 
ticularly in  tropical  jungles),  the  normally 
heavy  rainfall  results  in  large  numbers  of 
streams.  As  a result,  the  number  of 
land-water  interfaces  encountered  in  travers- 
ing jungle  terrain  can  make  this  factor  more 
significant.  Inadequate  drainage  and  soft  soil 
types  in  many  cases  impair  mobility  of  both 
men  and  materiel  (see  Pig.  4-11).  Swampy 
areas  are  more  common  in  the  Tropics  and 
generally  are  relatively  impassable  to  man  on 
foot  and  are  frequently  formidable  to 
vehicles  as  well.  Mud  and  its  effects  on 
vehicular  and  personnel  mobility  find  ample 
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Figure  4-1 1.  Pcrsonnal  Mobility 
in  * Tropic* I Climate  (Fat,  2 ) 
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representation  in  the  Tropics  (see  Fig.  4-12). 

As  a result  of  warm  temperatures  and 
heavy  rainfall,  tropic  vegetation  is  thick  and 
lush.  From  an  operational  standpoint,  the 
thick  tropical  vegetation  characteristic  of 
tropical  jungles  has  two  rffects.  First, 
visibility  is  reduced  greatly  so  that  coordina- 
tion, communication,  fire  direction,  and  all 
of  the  other  aspects  of  a military  operation 
that  require  visibility  for  performance  are 
severely  limited.  Second,  the  presence  of 
underbrush  and  trees  acts  as  physical  barriers 
and  greatly  reduces  mobility.  In  most  cases, 
tropical  jungles  are  so  thick  that  no  progress 
can  be  made  by  individual  soldiers  without 
first  cutting  a path  through  the  underbrush, 
greatly  slowing  the  advancement  of  troops 
and  limiting  mobility  severely.  Large  num- 
bers of  large,  closely  spaced  trees  can  act  as 
effective  barriers  to  vehicular  traffic  as  well. 
When  this  is  combined  with  the  moist,  low 
load-bearing  soils  usually  associated  with 
such  tropical  jungles,  mobility  impairment  is 
compounded.  In  summary,  the  problems 
associated  with  operations  in  the  tropical 
environment  can  be  extremely  severe  in  their 
effect  on  mobility  and  vision. 

Effects  on  personnel  in  the  tropical 
environment  are  the  result  of  temperature, 
humidity,  and  microbiological  factors.  It  has 
been  demonstrated  abundantly  In  the  litera- 
ture that  the  hot-humid  characteristic  of  the 


tropical  environment  causes  a performance 
decrement  in  personnel. 

The  attack  of  the  tropical  environment  on 
clothing  and  items  of  personal  equipment, 
including  boots,  belts,  etc.,  requires  atten- 
tion from  the  average  soldier  in  the  Held  and 
thereby  reduces  his  military  effectiveness.  In 
addition,  the  presence  of  snakes, ' biting 
insects,  and  other  macrobiological  species 
constitutes  an  annoyance  factor,  which 
occasionally  can  become  significant. 

4-6  IMPAIRMENT  OF  OPERATIONAL 
READINESS 

Operational  readiness  is  defined  here  to 
mean  that  materiel,  when  placed  Into  use  in 
the  operational  environment,  is  capable  of 
performing  the  design  function  for  which  it 
was  intended.  Within  this  context,  any  form 
of  deterioration  in  performance  or  physical 
characteristics  or  any  other  deteriorative 
process  that  results  in  impairment  or  limita- 
tion in  the  usefulness  of  materiel  reduces 
operational  readiness  of  that  materiel. 

Environmental  factors  cun  affect  opera- 
tional readiness  of  equipment  or  materiel  in 
a number  of  ways.  If  it  is  presumed  that 
equipment  or  materiel  is  fully  operational 
upon  delivery  to  the  Armed  Forces  (which 
should  normally  be  the  case),  then  those 
thinp  that  contribute  to  materiel  unreadi- 


Figure  4-12.  Armored  Vehicles  Traversing  Heavy  Mud  (Ref,  28) 
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ness  must  occur  ut  some  point  in  the  life 
cycle  of  the  materiel  before  it  is  called  upon 
to  perform  its  function.  The  logistic  environ- 
ment-which  embraces  transportation,  han- 
dling, and  storage  within  the  logistic  cycle- 
can  result  in  exposure  to  environmental 
factors  that  cause  deterioration  of  materiel 
or  impairment  of  the  function  of  materiel. 
These  factors  are  discussed  in  Chap.  S of 
this  handbook. 

When  materiel  has  been  delivered  to  the 
user,  it  is  still  possible  for  deteriorative 
processes  and  impairment  of  function  to 
occur  before  or  during  use  of  the  materii 
These  include  user  storage  of  the  matt.  .1. 
transportation  and  handling  within  the 
operational  environment,  and  similar  activi- 
ties after  the  materiel  has  been  delivered  to 
the  user  but  before  or  between  usages  of  the 
materiel.  To  discuss  in  detail  the  types  of 
failures  of  individual  equipments  and  materi- 
el that  can  occur  in  these  circumstances 
would  require  significantly  more  discussion 
than  is  practical  and  would  be  repetitive. 

To  illustrate  the  variety  of  factors  und 
processes  leading  to  opcrutionul  unreadiness, 
a number  of  examples  of  materiel  whose 
operational  readiness  has  been  compromised 
by  environment  are  discussed.  Par.  4-6.1 
reviews  some  of  the  findings  of  the  Army 
Air  Forces  Tropical  Science  Mission,  which 
organized  field  studies  of  materiel  in  storage 
and  in  use  in  tropical  arcus  (Ref.  29).  This 
survey  was  conducted  during  the  lutter 
stages  und  post,  wur  period  of  World  War  II, 
so  it  reflects  packaging  und  handling  condi- 
tions, storage  conditions,  und  materiel  us 
they  existed  at  that  ..me  ut  overseas 
operational  bases.  Packaging  tee' .nlques.  as 
well  as  transportation  and  1 idling  tech- 
niques, have  been  Improved  signlfieuntly 
since  that  time,  yet  the  natural  environments 
are  unchanged. 

Because  of  the  age  of  the  datu  from  this 
survey,  it  should  not  be  interpreted  us 
representative  of  deterioration  experienced 
by  materiel  using  modern  packaging  and 
preservation  techniques,  On  the  other  hand, 
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in  the  event  of  complete  failure  or  violation 
of  the  integrity  of  the  packaging  or 
preservation  techniques  so  that  environ- 
mental factors  can  gain  access  to  materiel, 
the  resulting  deterioration  by  the  tropical 
climate  essentially  should  be  the  same. 

Because  the  tropical  environment  is  the 
most  aggressive  with  respect  to  deterioration, 
one  tends  to  think  solely  of  it  whenever  the 
subject  of  deterioration  as  a cause  of 
operational  unreadiness  is  considered.  Deteri- 
oration occura  much  faster  and  is  of  much 
greater  magnitude  in  the  Tropics;  however, 
deterioration  as  a cause  of  operational 
unreadiness  can  and  does  occur  in  temperate, 
desert,  and  arctic  climates  as  well.  Pan. 
4-6.2  through  4-6,4  give  examples  of  deterio- 
ration in  temperate,  arctic,  and  desert 
environments.  Also  included  is  an  interesting 
comparison  of  the  effect  of  arctic,  desert, 
und  tropical  environments  on  uircruft  that 
have  lain  dormant  since  crashing  during 
Wu  -Id  War  II. 


4-6.1  THE  TROPICAL  ENVIRONMENT 

To  illustrate  the  magnitude  of  deteriora- 
tion that  cun  occur  under  tropical  conditions 
when  materiel  is  poorly  or  improperly 
packaged,  preserved,  and/or  stored,  examples 
of  the  damage  caused  by  deterioration  on 
World  War  11  materiel  under  prolonged 
tropical  storage  have  been  excerpted  from 
two  studies  made  by  the  Armed  Forces 
during  the  194Q’s  (Refs,  29.30). 


Significant  advances  in  puckuging  und 
preservation  techniques  huve  been  accom- 
plished since  these  surveys  were  made. 
Consequently,  the  specific  exuniples  quoted 
are  not  intended  to  be  indicative  of  the 
effect  of  deteriorative  ugents  on  muterie) 
packaged  und  preserved  according  to  the 
present  state-of-the-art  techniques.  These 
examples  indicate  the  deteriorative  effects  of 
wet,  tropical  environments  when  the  packag- 
ing or  the  preservation  methods  have  been 
penetrated  by  the  environment. 
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Tropical  deterioration  occurred  in  materiel 
scattered  throughout  the  Pacific  Islands  as  a 
result  of  the  large-scale  operations  in  the 
Pacific  theater  during  World  War  II.  Various 
classes  of  materiel  were  examined  for 
evidence  of  tropical  deterioration  (Ref.  29). 
The  following  observations  were  obtained 
from  the  first  study: 

(1)  Personal  equipment.  For  personal 
equipment,  the  most  serious  losses  occurred 
through  direct  and  protracted  wetting  of 
items  during  shipping,  in  initial  combat 
storage,  or  in  demobilization  activities.  It 
was  pointed  out,  however,  that  packaging 
can  be  a complete  answer  to  protection 
from  mildew  and  corrosion. 

In  New  Guinea,  practically  all  items  of 
personal  equipment  deteriorated  rapidly 
when  used  under  combat  conditions.  Metal 
fasteners  corroded,  particularly  slide  fasten- 
ers, so  they  could  not  be  used.  Unless  they 
could  be  laundered,  fabrics  were  subject  to 
fungous  attack.  Canvas  tents  and  tarpaulins 
rotted  rapidly  unless  protected  by  fungi- 
cides. Australian  troops  were  given  a com- 
plete new  issue  of  clothing  after  two  weeks 
of  jungle  fighting.  Normal  wear  under  such 
conditions  was  sufficient  to  make  the 
clothing  unserviceable  in  that  length  of  time. 
Mildew  was  a problem  at  all  locutions  where 
packaging  was  inadequate  or  where  storage 
ureas  contained  moisture.  Leather  that  had 
not  been  chrome-tanned  (vegetuble-tanned 
leathers)  was  very  susceptible  to  mildew  and 
rot, 

The  most  serious  losses  in  personul 
equipment  occurred  through  direct  and 
protracted  wetting  of  items  in  shipment  and 
in  initial  combat  storuge.  The  second  most 
frequently  occurring  difficulty  was  that 
experienced  with  the  corrosion  of  slide 
fasteners,  which  resulted  in  complete  stop- 
ping of  slider  action  or  in  loss  of  tooth-bind- 
ing strength  of  the  tape,  With  the  advent  of 
new  and  Improved  slide  fasteners  that 
incorporate  corrosion-resistant  or  corrosion- 
proof  materials,  this  particular  condition 
should  no  longer  be  of  any  difficulty  except 


for  very  old  items  of  issue.  Many  “sealed" 
plastic  containers  permitted  the  accumula- 
tion of  condensed  moisture  and  caused 
mildew  and  corrosion  significantly  worse 
than  would  be  experienced  if  the  materiel 
had  been  stored  in  an  open  container 
exposed  to  the  humidity  of  the  warehouses. 
Small  parts  of  items  also  caused  serious 
difficulties.  Staples  in  booklets  or  clothing 
tags  commonly  caused  weak  spots  and  ugly 
rust  stains.  Compass  needles  were  thoroughly 
rusted,  whereas  the  cases  were  barely 
corroded. 

(2)  Aircraft  materiel.  Inspections  or  air- 
craft at  the  numerous  tropical  locations 
showed  that  condensation  caused  corrosion 
on  interior  surfaces,  particularly  those  not 
properly  painted  or  ventilated.  Severe  corro- 
sion was  observed  in  numerous  aircraft  on 
structural  members  subject  to  such  condi- 
tions. Chloride  from  salt  spray  or  coral  dust, 
in  some  instances,  collected  on  aluminum 
atloy  surfaces  and  caused  pitting  and  corro- 
sion of  the  alloy,  the  degree  of  corrosion 
depending  on  the  amount  of  chloride  and 
moisture  present.  Galvanic  corrosion  oc- 
curred in  a few  instances  where  aluminum 
alloy  was  in  contact  with  improperly  plated 
steel  fittings  or  with  other  dissimilar  metals. 

Most  of  the  sir  strips  constructed  during 
World  War  II  in  tropical  areas  were  located 
near  bodies  of  salt  water  and  built  of 
crushed  coral  that  generally  contained  a high 
content  of  chlorides.  Chlorides  play  a major 
part  in  accelerating  corrosion  in  tropical 
areas.  On  some  of  the  smaller  islands, 
unpainted  aluminum  alloy  was  exposed  to 
suit  water  spray  (generally  caused  by  engine 
runup,  taxiing,  takeoffs,  and  lundings)  which 
resulted  in  corrosion  of  external  and  Internal 
surfaces.  Steel  hardware  that  was  unpro- 
tected against  corrosion  or  had  u flash 
coating  of  cadmium  or  zinc  corroded  very 
rapidly  after  short  service  and  caused 
annoying  maintenance  problems.  A variety 
of  bolts,  nuts,  cotter  pins,  and  other  fittings 
on  aircraft  of  alt  types  gave  significant 
problems  to  maintenance  personnel.  Cadmi- 
um and  zinc  plating,  when  painted,  provided 
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good  protection  against  corrosion  in  the 
Tropics,  in  many  cases,  however,  the  plating 
alone  was  insufficient  to  maintain  surface 
integrity.  Treated  steel  corroded  after  a few 
months  of  service.  Chromium-plated  steel 
parts  on  the  other  hand  performed  quite 
well,  with  only  occasional  pin  hole  corrosion 
due  to  inadequate  or  porous  plating. 

Power  plant  corrosion  (except  in  the  most 
severe  cases  where  no  protection  was 
provided)  was  limited  to  cylinder  barrels, 
pistons,  ring  grooves,  and  connecting  rods. 
Corrosion  was  even  found  on  surfaces  that 
had  a complete  coverage  of  oil.  As  with 
many  of  the  other  problems  experienced,  it 
was  felt  that  proper  maintenance  along  with 
general  cleanliness  of  equipment  would 
eliminate  u sizable  percentage  of  the  corro- 
sion. 

Corrosion  appears  to  be  the  principal 
cause  of  deterioration  in  electrical  acces- 
sories. In  New  Guinea  it  was  found  that 
corrosion  caused  failure  of  brush  holders, 
springs,  generators,  relay  switches,  relay 
boxes,  and  terminal  boards.  Any  exposure  to 
outside  storage  conditions  caused  heavy 
corrosion.  Salt  fog  or  suit  spray  produced 
heavy  corrosion,  usually  more  severe  than 
the  typical  humidity  corrosion  on  exposed 
tinplated  metallic  parts.  The  principal  dam- 
age that  occurred  on  flight  und  navigation 
instruments  was  caused  by  corrosion  of  the 
instrument  cases,  corrosion  within  the  cases, 
und  fungous  attack.  One  of  the  most  striking 
evidences  of  deterioration  was  the  fungous 
attack  observed  in  almost  every  Instrument 
incorporating  an  opticul  system. 

At  one  air  base  on  Oahu,  Hawaii,  the 
landing  surface  was  approximately  100  yd 
from  the  edge  of  the  water  and  the  elevution 
only  6 ft  above  sea  level.  Consequently, 
waves  often  washed  over  the  runway  and  a 
constant  salt  mist  enveloped  the  base.  This 
caused  serious  corrosion  problems.  For 
cxumple,  all  cupper-clud-steel  antenna  wire 
corroded  so  badly  in  a few  days  time  that 
maintenance  crews  replaced  all  wire  antennas 
every  7 days  whether  the  aircraft  had  been 


flown  or  had  been  sitting  on  the  ground  for 
the  entire  week.  Cadmium-plated  stub  and 
dipole  antennas  were  seriously  corroded 
after  a 15-day  exposure  to  salt  spray.  As  a 
result,  these  antennas  were  cleaned  and 
painted  with  a protective  coating. 

Airborne  communications  and  electronic 
equipment  and  associated  ground  equipment, 
whether  in  operation,  in  storage,  or  in  the 
repair  shop,  were  subject  to  conditions  of 
salt  spray,  coral  dust,  volcanic  gases,  long 
periods  of  humidity,  waier  condensation, 
and  fungous  attack.  Moisture  appeurs  to  be 
the  most  important  factor  in  the  deteriora- 
tion of  electronic  equipment,  being  respon- 
sible for  approximately  90  percent  of 
operational  failures.  Many  failures  are  due  to 
deterioration  attributed  to  salt  spray,  fungus, 
dust,  and  volcanic  gases.  The  sun  during  the 
heat  of  the  duy  dries  the  surface  of  the 
roads,  air  strips,  und  areas  in  und  around 
warehouses  and  storage  dumps,  producing 
coral  dust,  volcanic  ash.  or  cluy  dust  In  such 
quantities  thut  only  moderate  traffic  and 
winds  raise  clouds  of  ..dust  which  penetrate 
all  equipment  not  completely  enclosed, 

(3)  General  observations,  Most  losses  of 
metallic  materials  were  the  result  of  Inade- 
quate preservation  or  packaging,  rough 
bundling,  open  storage,  negligence,  und 
inudequutc  repackaging.  In  general,  alumi- 
num alloys  presented  few  problems,  but  in 
certuin  circumstances  difficulties  were  en- 
countered; for  exumple,  condensation  on 
interior  surfaces  without  proper  drainage 
caused  corrosion.  In  uddition,  chloride  from 
salt  spray  or  coral  dust  that  collected  on 
uluminum  alloy  surfaces  caused  pitting. 
Gulvanic  corrosion  occurred  when  an  alumi- 
num alloy  was  in  contact  with  improperly 
plated  steel  fittings  or  other  dissimilar 
metals.  Tills  problem  was  most  severe  In  the 
case  of  repair  purts  thut  had  been  exposed 
to  condensation  of  free  wuter  In  the  puckuge 
during  storage.  Virtually  no  corrosion  of 
uluininum-based  ulloys  wus  found  where  the 
purts  were  properly  protected  und  the 
coatings  were  not  dumuged.  In  uddition.  no 
corrosion  wus  found  on  purts  fabricated 
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from  corrosion-resistant  steel,  and  no  diffi- 
culties were  reported  witli  the  stabilized 
corrosion-  and  heat-resistant  alloys  used  in 
exhaust  systems.  In  nearly  all  cases,  unpro- 
tected zinc-based  diecastings  were  coated 
with  a heavy  white  corrosion  product. 
Hardware  on  vehicles,  such  as  door  hundles, 
gave  very  poor  service,  Attempts  ut  protec- 
tive finishes  on  the  die-cast  parts  were  not 
always  effective. 

In  a second  study  the  effects  of  environ- 
ment on  a variety  of  muteriel  in  the  New 
Guineu  urea  were  surveyed  (Ref.  29). 
Comments  und  observations  concerning  vari- 
ous types  of  deterioration  occurring  us  u 
result  of  exposure  to  various  environmental 
factors  are  summarized  in  the  paragraphs 
that  follow.  They  lurgely  corroborate  the 
findings  of  the  previous  study. 

(1)  Macrobtologlcal  organisms.  Marine 
borers  can  destroy  piers  and  wooden  vessels 
in  u short  time.  While  ordlnurily  confined  to 
salt  water,  some  of  the  more  destructive 
types  also  are  found  in  fresh  water  In  the 
upper  regions  of  some  tropical  rivers, 
Spiders,  unother  mucro-orgunlsm,  also  cause 
some  problems;  e.g.,  webs  Inside  electric.il 
equipment  collect  moisture  and  cause  short 
circuits  und  electrical  leakage. 

(2)  Optical  Instruments.  Optical  instru- 
ments ure  dumuged  euslly  bv  fungi  that 
thrive  on  paint,  fabrics,  oi.  ir  wuxes.  the 
balsam  used  between  lenses,  dust,  and  even 
fingerprints  on  the  surfaces  of  lenses  and 
prisms.  The  first  sign  of  fungus  on  glass  is  u 
fogging  cuused  by  the  presence  of  the  fungi 
itself.  Fogging  may  tuke  place  very  quickly, 
sometimes  within  2 weeks.  Depending  on 
the  construction  of  the  instrument,  the 
fungus  sometimes  cun  be  wiped  off  easily.  If 
fungus  is  permitted  to  grow  on  glass  for 
more  than  u few  duys,  serious  damage 
results.  The  stain  is  of  ultrumicroscopie 
thickness  and  sometimes  shows  diffraction 
colors.  Prolonged  contact  with  fungus  leads 
to  mujor  damage,  causing  the  surface  of  glass 
to  become  roughened  und  etched. 


(3)  Tentage.  Untreated  tents,  tarpaulins, 
and  canopies  have  a very  short  life  in  the 
tropics.  In  the  Port  Moresby,  New  Guinea, 
urea,  they  leaked  within  6 mo  und  become 
unserviceable  after  9 to  12  mo,  At  Milne 
Bay,  New  Guinea,  they  leuked  in  3 to  4 mo 
und  were  useless  after  6 to  8 mo. 

(4)  yeh ides  and  vehicle  repair  parts.  Hie 
following  list  of  incidents  typifies  vehicle 
problems  in  tropical  climates: 

(u)  Cylinders  of  engines  of  newly 
arrived  tanks  were  very  rusty  internally  and 
externally.  In  addition,  crunkshufU,  cam- 
shufts.  voltage  regulators,  differentials,  bull 
bearings,  and  tank  gun  components  often 
urrived  with  a coating  of  rust. 

(b)  It  was  necessary  to  paint  the 

woodwork  on  trucks  that  hud  just  urrived 
before  placing  them  in  service.  Canopies  of 
newly  urrived  trailers  were  torn  und  showed 
definite  signs  of  rotting.  Assembled  vehicles, 
when  shipped  us  deck  curgo,  often  urrived 
with  unservicuble  engines.  General  Internal 
corrosion  of  jeeps  was  so  bud  that  50 
manhours  were  required  to  recondition  each 
engine.  While  external  corrosion  of  vehicle 
bodies  was  not  serious,  some  rust  hud 

developed  ut  the  walls  and  seams. 

(c)  Unless  engines  of  vehicles  held  at 

vehicle  parks  were  run  at  regular  and 

frequent  intervals,  they  became  unservicuble 
because  of  corrosion  of  the  cylinder  walls, 
Gear  boxes  and  rear  axles  held  at  workshops 
were  subject  to  severe  internal  corrosion. 
Unless  carriers  and  tanks  were  moved  once  a 
week,  the  trucks  froze  because  of  corrosion. 
In  some  ureus.  brakes  were  rellned  ul'ter  the 
vehicle  wus  run  20  to  30  mi  a day  for  2 

weeks.  Internal  corrosion  of  die-east  car- 

buretors and  fuel  pumps  occurred  If  vehicles 
were  left  stationary  for  more  than  a week. 
In  some  cases,  the  white  deposit  caused 
blockage  of  jets  uml  freezing  of  screws, 

(d)  Bolts  and  wooden  bodies  of  truck 
floo-  corroded,  degraded,  and  m some  eases 
broke  because  of  wood  shrinkage. 
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(5)  Airframes,  aircraft  instruments,  and 
accessories.  Condensation  inside  aircraft  oc- 
casionally impaired  operation  of  instruments. 

Electrochemical  corrosion  was  a serious 
problem  in  many  cases  with  aircraft -alloy 
landing  wheels,  for  example,  readily  cor- 
roded. 

(6)  Armament,  Rifles  received  in  New 
Guinea  were  severely  rusted  as  a result  of 
being  packaged  in  cartons  that  became  wet 
during  transit  and  fell  to  piece,.  Many  repair 
parts  for  smell  arms  arrived  in  a rusty 
condition.  Small  arms  rust  rapidly  in  service. 
Main  springs  of  pistols  rust  quickly,  then 
snap.  Installed  machine  guns  in  aircraft  are 
subject  to  atmospheric  corrosion  which,  in 
low  altitude  flying,  is  accentuated  by  salt  in 
the  atmosphere.  Repair  parts  for  most 
artillery  and  antiaircraft  guns  arrived  in  a 
rusted  condition. 

(7)  Ammunition,  Outer  wooden  boxes  arc 
attacked  often  by  termites,  becoming  useless 
after  6 mo  of  open  storage.  Metal  strapping 
on  ammunition  boxes  also  rusts,  in  exposed 
storage,  about  15  percent  of  grenades 
became  useless.  Many  mortar  projectiles 
became  unserviceable  because  of  corrosion. 


4-6.2  MATERIEL  READINESS  IN  OTHER 
CLIMATES 

As  a general  rule,  all  deteriorative  agents 
present  in  the  tropical  climate  are  also 
present  in  other  climates.  The  difference  lies 
in  the  magnitude  of  their  effects.  By  and 
larg^,  fungous  attack  is  relatively  unimpor- 
tant except  in  tropical  and  semitropical 
regions  or  In  warm-damp  spaces  in  buildings. 
In  template  zones  where  proper  combina- 
tions of  moisture  and  temperature  occur 
seasr  'illy,  microbes  will  damage  materiel 
bet  a lesser  degree  than  in  the  Tropics.  In 
cold  .limates,  such  deterioration  is  negligi- 
ble. 

Ail  natural  and  most  induced  factors 
occur  in  temperate  climates  and  cause 


deterioration  and  impairment  of  operational 
readiness;  however,  in  temperate  climates 
these  factors  require  reasonably  long  periods 
to  produce  damage  sufficient  to  affect 
materiel  readiness.  Given  proper  conditions, 
such  damage  can  and  does  occur.  Examples 
include  wood  rot,  age  deterioration  of 
rations,  especially  whim  improperly  stored, 
mildew  of  textiles,  termite  attack  of  wooden 
stiuctures,  metal  corrosion,  and  zones  with- 
out deterioration  is  difficult.  Controlled 
environment  warehouses  arc  often  necessary 
to  maintain  readiness;  weapons,  vehicles,  and 
electronic  items  require  careful  preparation 
for  long-term  storage. 

Unlike  the  temperate  climate,  the  desert 
environment  is  an  extreme  environment 
characterized  by  high  solar  radiation,  low 
humidity,  low  rainfall,  high  temperature,  and 
increased  exposure  to  sand  and  dust.  Severe 
microbiological  attack  does  not  occur  be- 
cause of  the  low  humidity,  although  temper- 
atures are  in  the  right  range.  Corrosion  is 
reduced  greatly  because  of  the  absence  of 
rainfall  and  the  accompanying  extremely  low 
humidities.  In  fact,  the  desert  is  the  site  of 
large  storage  depots  for  aircraft  and  vehicles 
because  of  these  favorable  conditions. 

The  few  p.  iblems  that  result  from 
deterioration  in  the  desert  environment  are 
associated  primarily  with  the  high  tempera- 
tures and  high  solar  radiation,  plus  blowing 
sand  and  dust.  It  is  difficult  to  prevent 
deterioration  of  materiel  susceptible  to  high 
temperature  or  low  humidities,  although 
protection  from  sand  and  dust  and  direct 
solar  radiation  is  possible.  Certain  textiles 
end  plastic  materials  are  susceptible  to  the 
ultraviolet  wavelengths  in  solar  radiation. 
These  wavelengths  are  attenuated  by  atmo- 
spheric moisture  in  temperate  and  tropical 
climates  but  not  in  the  desert.  In  the  desert, 
therefore,  ultraviolet  exposures  are  signifi- 
cantly higher.  Consequently,  deteriorative 
processes  in  plastics  and  textiles  that  have  as 
their  prime  agent  the  exposure  to  ultraviolet 
light  progress  rapidly. 

Tlie  combined  solar  radiation  and  high 
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ambient  temperature  levels  ako  produce  very 
high  temperatures  in  materiel.  The  deterio- 
rative processes  that  depend  upon  high 
temperature-of  major  importance  are  those 
that  occur  with  respect  to  subsistence  items 
such  as  food-are  accelerated  in  such  an 
environment.  Low  humidity  can  also  cause 
deterioration  of  textiles  and  leathers  which 
require  water  in  the  material  to  give  it 
proper  flexibility.  Without  the  required 
water  content,  they  crack  rapidly  when 
flexed, 

The  effects  of  the  desert  environment  in 
Southwest  Asia  on  selected  military  materiel 
have  been  evaluated  (Ref.  31).  Many  pack- 
aged foods  normally  used  by  the  military 
(those  of  the  nr  .tperishable  type)  are 
extremely  shortlived  in  high  temperature 
environments,  particularly  in  open  storage 
For  many  foods  the  deterioration  rate 
doubles  for  each  18  deg  F increase  in 
storage  temperature. 

Gasoline  deteriorates  largely  through  the 
formation  of  gum,  which  causes  filter 
clogging  and  lowering  of  octane  number. 
The  effect  of  varying  temperature  is  similar 
for  all  gasoline-the  rate  of  gum  formation 
approximately  quadruples  for  each  20  deg  F 
rise  in  temperature.  For  a typical  gasoline 
with  Inhibitors  added,  S mg  of  gum  per  100 
ml  of  gasoline  might  form  in  12  mo  at  a 
storage  temperature  of  IOO°F~this  is  enough 
gum  to  cause  rejection, 

The  arctic  climate,  like  the  desert  climate, 
is  an  extreme  climate.  In  the  Arctic, 
however,  the  factors  that  are  important  for 
operational  readiness  are  associated  with  low 
temperature,  solid  precipitation,  wind,  and, 
in  some  cases,  humidity.  Starting  of  vehicles 
is  a chronic  problem  because  of  the 
temperature  effects  on  batteries  and  lubri- 
cants. Small  quantities  of  water  (resulting 
from  water  vapor  condensation  as  tempera- 
ture is  lowered)  can  freeze  and  clog  fuel 
systems,  tendering  vehicles  inactive  and 
incapable  of  starting  when  needed.  Dilution 
of  engine  lubricants  results  from  both 
moisture  condensation  in  the  crankcase  and 


from  passage  of  gasoline  into  the  crankcase. 
Oil  dilution  also  is  increased  by  the  required 
extended  warm-up  time  for  engines.  Idling 
engines  use  rich  fuel-air  ratios  which  are 
conducive  to  crankcase  oil  dilution. 

Blowing  snow  and  ice  cause  problems 
involving  operational  readiness  of  materiel 
that  is  stored  out-of-doors  in  arctic  climates. 
Snow  and  ice  blown  into  crevices  and  cracks 
freeze,  causing  various  mechanisms  to  be- 
come inoperative  (this  is  a chronic  problem). 
A similar  problem  occurs  whenever  vehicles 
that  have  been  in  use  are  parked.  The 
vehicle,  being  warmer  than  the  fleering 
point,  melts  snow  that  may  have  fallen  upon 
it.  Then,  as  the  vehicle  cools,  the  water  that 
was  melted  from  snow  freezes,  becoming 
solid  ice  and  causing  seizure  of  various 
mechanisms.  Examples  of  this  type  of 
problem  range  from  the  freezing  of  wind- 
shield wipers  to  the  fleering  of  turrets  in 
tanks,  which  prohibits  aiming  of  the  weap- 
on. The  problems  of  snow  and  ice  coverings 
on  materiel  also  represent  some  hampering 
of  operational  readiness.  On  occasion,  when 
snow  and  ice  loads  become  sufficient, 
mechanical  and  structural  damage  can  occur. 

Rockets  and  gun  propellants  crack  when 
exposed  for  long  periods  to  low  tempera- 
tures (Ref.  20).  NIKE-HERCULES  propel- 
lants were  sent  to  the  Arctic  for  a 10-yr 
storage  program.  After  3 yr  of  storage, 
longitudinal  cracks  had  developed  along  the 
core,  which  were  about  1/8  in.  wide  at  the 
surface.  Gun  propellants  exhibit  the  same 
phenomenon.  Gun  propellants  exposed  to 
low  temperatures  are  known  to  crack, 
thereby  exposing  a much  larger  surface  area 
to  bum.  Despite  the  towered  burning  rates 
produced  by  low  temperatures,  increased 
burning  can  occur  as  a result  of  cracking 
because  of  the  increased  surface  area.  The 
excess  pressures  developed  may  be  suffi- 
ciently high  to  rupture  gun  tubes. 

4-6.3  LONG-TERM  EXPOSURE  TO  EX- 
TREME NATURAL  ENVIRONMENTS 

A study  of  long-term  exposure  of  aircraft 
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components  to  extreme  environments  pro- 
J vides  interesting  information  on  operations 
environment  (Ref.  32).  Components  from 
four  crashed  aircraft  were  analyzed. 

(1)  A B-24  aircraft  that  had  crashed  and 
remained  undisturbed  in  the  North  African 
Desert  for  17  yr  receiving  full  exposure  to 
the  desert  climate  (Fig.  4*13) 

(2)  A B-17  aircraft  that  had  crashed  on 
the  Greenland  Ice  Cap  in  1942  and  had 
remained  undisturbed  in  the  arctic  climate 
for  23  yr  (Fig.  4-14) 

(3)  A C-54  aircraft  (Fig.  4-15)  and  a B-24 
aircraft  that  had  crashed  in  the  jungles  of 
Panama. 

Table  4-17  compares  climatic  conditions 
for  the  downed  aircraft.  Discussion  of  the 
effects  of  long-term  exposure  of  the  four 
aircraft  to  the  desert,  arctic,  and  tropical 
I climates  follows. 

in  1960,  16  pieces  of  equipment  removed 
from  a B-24  aircraft  that  had  lain  in  the 
Libyan  Desert  for  i7  yr  were  examined.  The 
j desert  climate  is  generally  hot  and  dry- 

| excellent  for  preservation  of  the  equipment 

as  the  investigations  proved.  The  aircraft  had 

I 

! 


Figure  4 ■ 13.  Crashed  B-24  in  North  African 
Desert  I Ref.  32) 
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spent  17  yr  in  the  equivalent  of  a solar 
oven,  baking  at  air  temperatures  as  high  as 
!20SF.  It  was  estimated  that  equipment 
temperatures  inside  the  plane  reached 
200°F.  The  removed  equipment,  including 
an  engine-driven  pump,  turret  retraction 
motors,  and  other  portions  of  the  hydraulic 
systems,  were  in  extremely  good  condition. 

In  1964  a B-17  aircraft  that  had  crashed 
on  the  Greenland  Ice  Cap  in  1942  on  its 
way  to  England  was  discovered.  The  aircraft 
had  lain  on  the  ice  cap  for  23  yr, 
completely  undisturbed  in  the  frigid  arctic 
environment,  with  temperatures  ranging 
from  -80°F  in  the  winter  to  an  occasional 
+38°F  in  the  summer.  In  the  winter,  winds 
of  1 80  mph  swept  across  the  ice  cap, 
creating  an  extremely  hostile  environment. 
Equipment  was  removed  from  the  aircraft 
for  examination  and  analysis.  Clothing  in 
flightbags  on  the  aircraft  was  found  to  be  in 
excellent  condition  in  spite  of  this  prolonged 
storage.  The  hydraulic  turret  transmission 
and  hydraulic  accumulator  were  removed 
from  the  aircraft  and  examined.  The  hydrau- 
lic accumulator  was  found  to  contain  its 
normal  325-psl  air  charge  und  the  turret 
transmission,  upon  test,  met  the  require- 
ments of  a new  unit.  The  turret  transmission 
was  disassembled  and  found  to  be  in 
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(A)  External  corroaion 


(B)  Internal  parts  showing  little 
corrosion 

Figure  4-16.  Electric  Motor  Driven  Pump  from  Crashed  C-54  After  6 Yr 
in  Tropica!  Jungle  (Ref  321 


excellent  condition  with  all  parts  bright  and 
shiny.  Seals  were  soft  and  pliable  and  did 
not  leak.  Other  equipment,  Including  flight 
instruments,  a cal  .45  automatic  pistol, 
navigation  equipment,  and  first-aid  kits,  were 
in  good  condition. 

These  Investigations,  involving  first  the 
desert  and  then  the  arctic  climates,  showed 
that  equipment  survives  in  excellent  condi- 
tion. The  other  major  environment  is  the 
extremely  hutnid,  fungus-growing  tropical 
jungle.  During  World  War  11  approximately 
one  aircraft  per  week  crashed  either  in  the 
jungle  or  in  the  sea  in  the  Panama  area. 
Although  the  positions  of  20  crashed  aircraft 
were  known  precisely  in  1966,  only  two 
could  be  found  in  the  thick  jungle  growth,  a 


C-54  cargo-type  aircraft  which  crashed  in 
1960,  and  a R-24  bomber. 

Among  items  removed  from  the  C-54  was 
an  engine-driven  hydraulic  pump,  the  shaft 
end  of  which  had  not  deteriorated.  When 
the  unit  was  disassembled,  the  bearings  and 
shaft  were  found  to  be  in  serviceable 
condition  while  the  shaft  seal  and  O-rings 
were  still  soft  and  pliable.  The  electric 
motor  on  the  hydraulic  pump  was  covered 
with  fungus  and  external  corrosion  and 
when  tested  it  would  not  turn.  Disassembly 
revealed  several  open  leads.  When  tested 
separately,  however,  the  gear  pump  pro- 
duced its  normal  900-psi  system  pressure 
and  its  internal  parts  showed  very  little 
corrosion  or  deterioration  (see  Fig.  4-16). 
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TABLE  4*17. 

COMPARISON  OF  ENVIRONMENTAL  CONDITIONS  OF  CRASHED  AIRCRAFT  (Rtf.  32) 


Environment  and  location 

Item 

Oesert, 

Africa 

Arctic, 

Greenland 

Jungle, 

Panama 

A1 rcraft 

B-24 

B-17 

C-54 

Location 

Libyan 

Desert 

Ice  Cap 

Mountain 
rain  forest 

Temperature 
extremes » *F 

+26  to  +120 
(Component  temp, 
to  +200) 

-80  to  +38 

+71  to  +88 

Average 
humidity,  % 

10  to  36 

55  to  70 

90  to  100 

Average  yearly 
rain.  In. 

Less  than 
1/4 

No  ralnj 
heavy  snow 

148 

Maximum  wind 
velocity,  mph 

SO 

In  excess  of 
180 

70 

The  engine-driven  fuel  pump  had  only  minor 
external  deterioration  and  its  internal  parts 
were  in  fair-to-good  condition.  The  wing  flap 
cylinder  was  also  removed.  It  operated 
normally  when  system  pressure  was  applied 
under  test;  when  disassembled,  the  cylinder 
piston  rod  was  bright  and  shiny  and  the 
elastomeric  seals  were  soft  and  pliable 
enough  to  seal  under  pressure. 

The  second  aircraft,  the  B-24  bomber, 
crashed  in  1942  approximately  240  mi 
northwest  of  Panama  Gty  near  the  Costa 
Rican  border.  In  this  area  the  average 
rainfall  is  106  in.  yfl ; the  average  relative 
humidity  Is  87  percent;  and  the  average 
temperature  is  85°  F,  Although  the  aircraft 
had  been  stripped  of  a great  many  of  its 
parts  by  local  Indians,  a flap  gear  assembly, 
parts  of  an  electric  motor,  and  other  items 
were  obtained  for  examination.  A radio 
panel  removed  from  the  aircraft  was  very 
heavily  corroded.  The  fuel  flow  ♦'••msmitter 

4-98 


was  covered  with  corrosion  and  fungus,  but 
on  disassembly,  internal  parts  were  found  to 
be  in  fair  condition.  Almost  all  of  the  hose 
sections,  although  apparently  in  fair  condi- 
tion, leaked  badly. 

Overall,  equipment  exposed  17  yr  in  the 
desert  climate  was  in  excellent  condition 
with  most  of  it  meeting  the  requirements  of 
new  units.  Some  large  seals,  such  as  the 
accumulator  diaphragm,  hardened  slightly  as 
u result  of  the  low  humidity  found  in  the 
desert.  The  equipment  exposed  23  yr  in  the 
arctic  climate  was  also  in  excellent  condi- 
tion. It  met  the  requirements  of  new 
equipment  in  most  cases,  The  accumulator 
diaphragm  was  In  like-new  condition,  having 
retained  its  air  charge.  It  appears  that  the 
somewhat  higher  arctic  humidity  assures 
good  seal  life  over  extended  storage  periods, 
without  being  hot  enough  to  cause  excessive 
corrosion.  The  equipment  removed  ufter  6 
to  24  yr  in  the  tropical  climate  showed 
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heavy  deterioration  on  items  that  were  not 
sealed,  such  as  electric  motors,  radio  panels, 
and  thin  gage  metallic  sections.  The  fungous 
growth  on  much  of  this  equipment  was 
heavy  and  damaging.  On  the  seal  compo* 
nents,  such  as  hydraulic  pumps,  deteriora- 
tion was  only  partial,  with  some  of  the  units 
still  operable.  The  O-rings  were  in  good 
condition  and  still  functional  in  most  cuses. 
Since  the  hydraulic  equipment  primarily 
examined  in  these  studies  are  essentially 
sealed  units,  it  appears  that  if  equipment  can 


be  sealed,  its  chances  of  surviving  long-term 
exposure  in  the  tropics  is  excellent. 

Components  were  also  removed  from 
aircraft  at  the  Davis-Monthan  Air  Base  in 
Arizona  for  study.  These  aircraft,  with 
components  installed,  were  stored  in  the 
open  desert  by  the  Air  Force  for  5-  to  10-yr 
periods.  The  hydraulic  equipment,  instru- 
mentation, and  various  other  items  of 
equipment  checked  in  these  stored  aircraft 
were  in  excellent  condition. 
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CHAPTER  S 

LOGISTIC  ENVIRONMENT 


5-1  INTRODUCTION 
5-1,1  GENERAL 

The  logistic  environment  is  sufficiently 
different  from  the  operational  environment 
to  merit  separate  treatment,  In  the  logistic 
environment,  various  precautions  are  taken 
to  ameliorate  the  effects  of  environment  on 
materiel  or  to  prevent  exposure  to  certain 
environmental  factors.  Packaging  and  ware- 
housing are  examples  of  these  precautions. 
Generally,  the  factors  that  can  be  excluded 
from  the  logistic  environment  include  snow, 
rain,  ice,  direct  solar  radiation,  and,  to  some 
extent,  blowing  sand  and  dust,  and  snow, 
Packaging  also  may  protect  materiel  from 
mechanical  environmental  factors  such  as 
shock  and  vibration.  It  is  more  difficult  to 
provide  protection  against  temperature,  hu- 
midity, air  pressure,  corrosive  vupors,  and 
induced  electromagnetic  and  nuclear  radia- 
tion effects.  When  it  is  necessary  to  prevent 
exposure  of  materiel  to  these  .latter  factors, 
special  packaging  or  storage  facilities  arc 
required, 

If  the  packaging  and  the  shelter  provided 
by  storage  facilities  or  covered  transporta- 
tion vehiclos  were  removed,  the  effects  on 
materiel  would  be  the  same  in  the  logistic 
and  operational  environments  in  many  re- 
spects. In  field-supply  operations  and  at 
advanced  bases,  the  protective  packaging  and 
shelters  of  the  logistic  environment  are  often 
either  unavailable  or  their  integrity  is 
violated  so  that  materiel  is  exposed  to  the 
ambient  environment.  Thus,  the  effects  of 
environment  on  materiel  in  these  advanced 
portions  of  the  logistic  cycle  is  considered  to 
be  more  accurately  represented  by  the 
operational  environment. 


In  many  treatments  of  the  transportation 
aspects  of  the  logistic  environment,  much 
emphasis  has  been  placet'  on  mobility  in 
advene  environments.  In  upptying  advanced 
bases  and  field  operat1  na,  mobility  ii  an 
important  factor:  it  is  till  more  important 
as  a characteristic  of  th  operational  environ- 
ment. Even  so,  when  material  is  removed 
from  its  protective  warehousing  and  loaded 
on  tranaportivc  equipment  that  cannot  move 
(because  of  mobility  impairment),  the  mate- 
riel is  exposed  to  severe  environments  for 
much  longer  periods  of  time  than  normally 
encountered  during  tranaportution.  To  that 
extent,  mobility  is  an  environmental  factor 
in  the  logistic  environment. 

Rough  terrain  also  causes  materiel  in 
transit  to  receive  a much  more  severe  shock 
and  vibration  exposure  than  normally  is 
obtained  in  over-the-road  operations.  This  is 
an  important  environmental  hazard  although 
tittle  work  on  the  quantitation  of  these 
effects  has  been  done,  and  few  reports  on 
the  severity  of  this  environment  have  been 
published. 

The  logistic  system  provides  support  for 
military  operations  ranging  from  peacetime 
training  to  major  warfare.  The  physical 
environment  of  this  logistic  system  includes 
factors  associated  with  terrain  and  climate  as 
well  as  the  influence  of  the  development 
level  of  the  inhabitants  of  the  field  of 
operations. 

Terrain  strongly  affects  the  configuration 
of  the  distribution  system.  Major  supporting 
stocks  for  an  island  campaign  urc  on  ships  or 
on  other  islands,  whereas,  for  operations 
conducted  In  turge  continental  areus,  a 
succession  of  supply  depots  and  un  overland 
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transportation  system  are  required.  Other 
possible  physical  configurations  include: 

(1)  Operation  on  the  North  American 
continent  with  overland  distribution  from 
the  source  of  supply  to  the  combat  area 

(2)  Operations  confined  to  narrow  coastal 
regions  (e.g.,  Vietnam) 

(3)  Operations  deep  within  the  perimeter 
of  a targe  landmaas  (e.g.,  central  Africa). 

Distribution  systems  in  mountainous  ter- 
rain differ  significantly  from  those  on  flat 
terrain,  and  in  arctic  and  subarctic  regions 
the  distribution  task  Is  vastly  more  compli- 
cated than  those  in  temperate  areas. 

Except  for  certain  specific  severe  environ- 
mental conditions,  discussions  of  these 
terrain  factors  are  associated  with  the 
operational  environment.  By  eliminating 
these  logistic  operations  occurring  at  the  end 
of  the  logistic  chain  closest  to  the  user,  the 
logistic  environment  can  be  described  in 
terms  of  specific  components. 

Basically,  the  classes  of  operations  carried 
out  in  the  logistic  system  are: 

(1)  Handling.  Loading,  unloading,  stock 
rotation  within  warehouses,  movement  with- 
in depots,  transfer  to  and  from  storage  to 
transport  vehicles 

(2)  Transportation.  Movement  of  muteriel 
from  one  geographic  point  to  unother 

(3)  Storage.  Holding  materiel  within  ware- 
houses and  other  storage  ureas, 

The  logistic  flow  for  any  one  item  is 
variable,  depending  upon  its  planned  deploy- 
ment. Fig.  5-1  illustrates  a typicul  logistic 
flow,  and  Fig,  5-2  illustrates  the  distribution 
pattern  for  u typical  ammunition  item.  As 
can  be  seen  from  these  diagrams,  handling, 
transportation,  and  storage  are  repetitive 
functions  In  the  logistic  cycle -each  occurs 
many  times. 
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The  purpose  of  a logistic  system  is  to 
provide  supplies  to  the  ultimate  users  when 
and  where  needed.  The  functions  of  the 
logistic  system  are  (Ref.  2): 

(1)  Receipt.  The  process  of  accepting 
supplies  into  the  military  supply  system 

(2)  Storage.  The  process  of  holding  and 
caring  for  supplies  prior  to  issue 

(3)  Transportation.  The  movement  of 
supplies  to,  within,  and  from  the  distribu- 
tion system 

(4)  Issue.  The  releasing  of  supplies  to 
consuming  or  using  agencies  or  activities. 

Basically,  the  system  moves  supplies  from 
the  grower,  producer,  fabrlcuiur,  or  manu- 
facturer to  the  user,  Its  goals  are  to  be 
responsive  to  the  user,  to  be  sufficiently 
flexible  to  adapt  to  rapidly  changing  condi- 
tions, to  be  economical  in  terms  of  use  of 
physical  and  manpower  resources,  and  to  be 
resistant  to  disruption  by  either  the  forces 
of  nature  or  enemy  actions. 

5-1.2  LOGISTIC  MATERIEL  CLASSES 

Operation  of  the  Army  requires  over  a 
million  separate  items  of  supply.  The  types 
and  levels  of  supply  support  requirements 
vury,  depending  on  environment,  tucticul 
concepts,  training  level,  and  intensity  of 
combut.  Army  supplies  urc  cutegorizcd  in 
several  wuys  for  management  purposes. 
Three  examples  are  (I)  according  to  impor- 
tance or  the  nature  of  the  Items.  (2) 
according  to  cost,  and  (3)  by  class  of 
supply. 

The  breakdown  of  the  Items  by  Impor- 
tance or  natye  of  the  item  follows  (Ref.  I ): 

( I ) Principal  Items.  Materiel  items,  the 
supply  of  which  is,  or  is  about  to  be, 
increasingly  active;  a high  value  item;  or  an 
item  whose  procurement  will  be  difficult 
due  to  long  lead  time,  shortage  of  strategic 
materials,  or  difficulty  of  manufacture. 
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Figure  5 • 1,  Typical  Logistic  Flow  (Rat  1) 


Principal  items  represent  less  than  1 percent 
of  the  items- stocked  by  the  Army,  yet  they 
account  for  60  percent  of  the  procurement 
funds. 

(2)  Secondary  Items.  All  other  supplies 
except  repair  parts,  clothing,  and  •subsis- 
tence; characterized  by  short  lead  time,  low 
value,  and  ease  of  procurement 

(3)  Repair  Items.  Ail  essential  elements, 
materials,  components,  assemblies,  or  subas- 
semblies required  for  the  maintenance  and 
repair  of  an  end  item 

(4)  Off-the-shelf  Items.  Items  regularly 
stocked  by  commercial  organizations  to 


supply  normul  demands,  either  principal, 
secondary,  or  reoalr  items 

(5)  Bulk  procurement  Items.  Items  nor- 
mally shipped  in  bulk  form  and  not  sent 
through  depot  facilities;  usually  secondary 
items. 

Together,  the  secondary  und  repulr  items 
represent  85  to  90  percent  of  the  entire 
workload  and  cost  of  the  distribution 
system,  yet  they  account  for  only  25 
percent  of  the  procurement  funds. 

Cost,  the  second  categorization,  is  often 
considered  in  conjunction  with  mission 
essentiality.  Items  that  are  critical  und  very 
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Figure  5-2.  Distribution  Pattern  for  Typical  Ammunition  Item 

(Ref.  1) 


high  in  cost  may  be  “intensively  managed”; 
for  example,  major  weapon  systems  such  as 
tanks.  Secondary  items  normally  are  divided 
into  low.  medium,  and  high  dollar  value 
items  depending  on  the  yearly  demand  for 
each. 

The  third  category  is  comprised  of  10 
classes  of  supply  (Ref.  2): 

( 1 ) Class  1.  Subsistence 

(2)  Class  II  Clothing,  individual  equip- 
ment, tentage,  organizational  tool  sets  and 


tool  kits,  hand  tools,  and  administrative  and 
housekeeping  supplies  and  equipment 

(3)  Class  III,  Petroleum,  fuels,  hydraulic 
and  Insulation  oils,  and  lubricants  (POL); 
preservatives;  liquid  and  compressed  gases; 
bulk  chemical  products;  coolants,  deicing, 
and  antifreeze  components,  together  with 
components  and  additives  of  such  products; 
and  coal 

(4)  Class  IV.  Construction  materials,  in- 
cluding ail  installed  equipment  and  all 
fortification/barrier  materials 
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(5)  Class  V.  Ammunition  of  ail  types, 
including  chemical,  radiological,  and  nuclear 
ordnance;  bombs;  explosives,  mines;  fuzes; 
detonators;  pyrotechnics;  missiles;  rockets; 
propellants;  and  other  associated  items 

(6)  Class  VI,  Personal  demand  items; 
nonmilitary  sales  items 

(7)  Class  VII,  Major  end  items;  A final 
assemblage  of  end  products  that  is  ready  for 
its  intended  use;  for  example,  launchers, 
tanks,  whole  machines,  and  vehicles 

(8)  Class  VIII,  Medical  materiel,  including 
medical  peculiar  repair  parts 

(9)  Class  IX,  Repair  parts  (less  medical 
peculiar  repair  parts):  all  repair  parts  and 
components  to  include  kits,  subassemblies 
and  assemblies,  reparable  and  irreparable, 
required  for  maintenance  support  of  all 
equipment 

(10)  Class  X,  Materiel  to  support  nonmili- 
tary programs:  agricultural  and  economic 
development, 

items  also  can  be  classified  by  their 
behavior  in  the  supply  system:  cither  fust 
moving  or  slow  moving.  The  turnovei  of  un 
item  Is  important  from  the  standpoint  of 
overpuckaging.  Since  fast-moving  items  are 
readily  depleted,  it  usually  is  not  necessary 
to  wrap  the  individual  units  extensively 
within  the  outer  package. 

6-2  PACKAGING  TO  PROTECT  MATE- 
RIEL FROM  ENVIRONMENTAL  FAC- 
TORS 

6-2.1  GENERAL 

The  purpose  of  military  packaging  is  to 
protect  items  ot  materiel  so  that  they  can 
perform  their  intended  function  when  their 
use  is  required.  Basically,  pack  ging  must 
protect  un  item  from  the  time  of  produc- 
tion, through  transport  and  storage,  until 
delivery  to  its  ultimute  user.  During  trans- 
port, protection  must  be  achieved  while 


complying  with  appropriate  civil  and  mili- 
tary transportation  regulations.  Storage  of 
military  items  may  be  tor  indefinite  periods 
of  time  in  both  protected  and  unprotected 
facilities.  During  this  storage  period,  the 
package  must  protect  the  item  against 
physical  damage  and  other  environmentally 
induced  deterioration.  In  some  cases,  the 
packaging  must  incorporate  provisions  for 
inspecting  and  performing  maintenance  on 
the  packaged  item.  From  the  military 
standpoint,  good  packaging  methods  are 
those  that  protect  materiel  from  deteriora- 
tion and  damage  at  a minimum  cost. 

Fundamentally,  the  objectives  of  uniform 
preservation  and  packaging  of  items  of 
military  supplies  can  be  summarized  us 
follows  (Ref.  3): 

(1)  To  provide  efficient  and  economical 
protection  to  supplies,  mutorial,  and  equip- 
ment from  physical  und  mechanical  damage 
during  handling,  shipment,  und  storugc  from 
the  time  of  original  purchase  until  used 

(2)  To  assure  maximum  life,  utility,  und 
performance  of  supplies,  materials,  und 
equipment  through  prevention  of  deteriora- 
tion 

(3)  To  facilitate  efficient  receipt,  storage, 
inventory,  transport,  and  issue 

(4) ,  To  provide  identification,  hundllng. 
and  shipment  markings 

(5)  To  assure  the  greatest  practical  unifor- 
mity in  the  development  of  requirements  for 
preservation  und  packaging  of  the  same  or 
similar  items 

(6)  To  effect  economy  by  insuring  the 
use  of  packages  of  u minimum  weight  und 
cube,  con  ot  with  anticipated  storage  und 
equipment  hazards. 

A detailed  discussion  of  preservation, 
packaging,  and  packing  is  contained  in  Ref. 
3. 
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Damage  in  transit  is  likely  to  be  physical, 
due  to  the  use  of  inappropriate  or  poorly 
constructed  or  designed  containers.  Improper 
use  of  strapping  often  results  in  damage. 
Articles  that  do  not  fill  the  container 
completely  must  be  blocked,  braced,  fas- 
tened, or  otherwise  restrained  to  prevent 
moving  or  shifting  with  resulting  damage  to 
the  contents  and  the  container,  While 
careless  handling  cannot  always  be  avoided, 
the  proper  choice  of  containers,  avoidance 
of  overloading,  effective  interior  packing, 
and  correct  strapping  and  nailing  will  go  far 
to  reduce  the  damage  received  during 
shipment  and  storage. 

The  subject  of  preservation  and  packing 
has  become  increasingly  important  due  to 
the  increase  in  worldwide  movement  of 
equipment,  overtaxed  transportation  facil- 
ities, and  overcrowded  warehouses.  An 
indication  of  the  magnitude  of  the  problem 
is  revealed  by  the  fact  that  commercial 
losses  due  to  damage  of  goods  in  transit 
measured  in  dollar  values  paid  out  in  claims 
by  the  railroads  alone  to  manufacturers 
exceeded  S91  million  in  a recent  year  (Ref. 
3).  Much  of  this  loss  was  attributed  to 
Improper  packaging,  the  balance  to  careless- 
ness and  neglect. 

6-2.2  PACKAGING  PROTECTION  LEVELS 

Military  levels  of  package  protection  are 
described  in  terms  of  the  performance 
-xpected  of  the  package  or  pack  and  must 
be  tr&nslated  into  specific  technical  or  design 
requirements  for  individual  items  or  catego- 
ries of  items.  The  performance  criteria 
follow  (Ref.  1): 

(1)  Level  A,  Military  Package  or  Pack, 
Preservation  and  packaging  or  packing  that 
will  afford  adequate  protection  against 
corrosion,  deterioration,  and  damage  during 
worldwide  shipment,  handling,  and  open 
storage. 

(2)  Level  B,  Limited  Military  Package  or 
Pack.  Preservation  and  packaging  or  packing 
that  will  afford  adequate  protection  against 


damage  during  multiple  shipments  in  which 
shipping  and  handling  will  be  under  cover 
and  storage  will  be  in  warehouses  or  other 
structures  providing  equivalent  protection 
from  the  weather.  These  condition*  are  less 
hazardous  than  those  that  Level  A is 
designed  to  meet.  This  level  provides  a 
higher  degree  of  protection  thi*r  jfitrded  by 
Level  C-  The  design  of  Le*et  B is  based  on 
knowledge  of  the  shipment,  handling,  and 
storage  conditions  to  b.  encountered  and  on 
the  determination  th-.t  die  costs  of  prepara- 
tion are  less  than  Level  A. 

(3)  Level  C,  Minimum  Military  Package  or 
Pack.  Preservation  and  packaging  or  packing 
that  will  afford  adequate  protection  against 
corrosion,  deterioration,  and  damage  during 
direct  domestic  shipment  from  the  supply 
source  to  the  first  receiving  activity  for 
immediate  use  or  for  controlled  humidity 
storage.  This  level,  at  a minimum,  will 
conform  to  applicable  currier  rules  and 
regulations. 

As  can  be  seen  from  the  preceding 
definitions,  the  level  to  which  a particular 
item  is  packaged  is  determined  by  the 
distribution  requirements  of  the  item.  The 
degree  of  protection  afforded  within  a 
particular  level  Is  based  on  the  nature  and 
characteristics  of  the  item.  Characteristics  of 
military  materiel  that  make  the  protection 
of  materiel  during  sIithpi*  and  transport 
more  difficult  than  under  civilian  circum- 
stances are: 

(1)  When  an  item  arrives  at  its  destined 
point  of  use  and  is  unpacked,  it  must 
perform  its  desired  function.  Essentially, 
protection  is  aimed  at  100-percent  reliabil- 
ity. 

(2)  The  destination  and  means  of  trans- 
port lor  any  given  item  of  materiel  are 
usually  unknown. 

(3)  The  type  and  duration  ol  storage  are 
also  usually  unknown;  extreme  variety  of 
types  and  long  durations  of  storage  are 
possible. 
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5-2.3  ENVIRONMENTAL  EFFECTS  ON 
PACKAGING 

The  following  exam  pies  of  the  effect  of 
environment  on  packaging  are  included  for 
illustrative  purposes  only.  They  are  not 
intended  to  demonstrate  the  scope  of 
environmental  effects  on  packaging  nor  are 
the  individual  cases  discussed  represented  to 
be  of  greater  significance  than  any  other 
case. 

5-2.3. 1 Air  Ceil  Packing  Material 

Among  the  various  packing  materials, 
inflated  cushioning  typos  are  finding  many 
applications.  One  of  the  products  that  has 
evolved  in  seeking  solutions  to  the  problems 
of  cushioning  is  the  encapsulated  air  cell. 
This  type  of  cushioning  consists  of  plastic 
film  materials  sandwiched  together  with 
trapped  air  bubbles.  A study  was  conducted 
to  determine  the  reliability  of  the  pebble 
grain  and  marshmallow-appearing  air  cells  at 
the  reduced  atmospheric  pressures  experi- 
enced in  nonpressurized  military  and  com- 
mercial aircraft  at  high  altitudes  (Ref.  4). 
Sheets  of  the  various  types  of  such  packing 
material  were  stacked  to  produce  i-ln. 
nominal  thickness  test  specimens  of  each 
material.  The  stacks  were  then  confined, 
stress-loaded,  and  placed  in  an  altitude 
chamber  where  they  were  subjected  to 
changes  of  altitude  ranging  from  ground 
level  to  50,000  ft.  The  extent  of  rupture  or 
delamination  of  the  cells  was  determined. 
After  such  conditioning,  the  specimens  were 
again  confined,  stress-loaded,  and  instru- 
mented for  dynamic  impact  unalysis.  Evalua- 
tion of  the  test  data  disclosrd  a rising 
percentage  of  cellular  delamination  coupled 
with  a declining  degree  of  shock  attenuation 
as  a consequence  of  the  increasing  eleva- 
tions. 

Delamination  of  the  three  types  of 
material  tested  at  flight  altitudes  spanning 
25,000  to  50,000  ft  was  sufficiently  severe 
to  preclude  their  use  in  nonpressurized 
aircraft.  From  the  study,  it  was  recom- 
mended that  such  air-cushioning  materials  be 


restricted  to  ground  level  applications  except 
in  cases  where  air  shipment  affords  a 
pressurized  cargo  section. 

5-2.S.2  Labels 

In  another  study  a comparison  test  was 
performed  among  different  shipping  label 
covers  in  an  outdoor  weathering  environ- 
ment for  a 5-mo  period  (Ref.  5).  The  "glue 
pot"  technique  of  brushing  on  an  adhesive, 
both  to  affix  labels  to  containers  and  as 
overlay  protection  to  make  them  water-resis- 
tant, has  been  the  approved  labeling  method 
for  many  years.  Recently,  evaluations  have 
been  made  of  pressure-sensitive  transparent 
tape  labels  and  transparent  pressure-sensitive 
label  overlay  methods. 

Outdoor  exposure  was  used  to  compare 
weathering  effects  on  different  label  covers 
attached  to  two  triple-walled,  weather-resis- 
tant fiberboard  boxes.  Three  different 
groups  of  pressure-sensitive,  transparent  tape 
overlay  materials  extending  5/8  in.  beyond 
each  edge  of  the  label  were  tested  along 
with  a group  with  brush-on  adhesive  and  no 
overlay  protection,  a group  with  brush-on 
adhesive  and  brush-on  overlay,  and  a green- 
tinted  polyethylene  group  to  evaluate  pro- 
tection from  ultraviolet  radiation.  The  test 
labels  with  their  six  different  label  cover 
variables  were  placed  on  different  faces  of 
the  test  containers  to  permit  u good 
exposure  of  each  variable  to  north,  south, 
east,  west,  and  top  exposures.  Each  con- 
tainer was  placed  on  a separate  pallet  and 
secured  with  nonmetallic  straps.  Average 
temperatures  for  the  6-mo  ycriod  varied 
from  42° F in  December  to  a maximum 
average  of  80® F in  September.  Total  rainfall 
per  month  varied  from  1.05  in.  in  August  to 
5.53  in,  in  December.  The  number  of  hours 
duration  of  gusty  winds  varied  from  8 hr  in 
August  to  106  hr  in  November.  Generally, 
wind  gusts  varied  between  12  and  35  mplt. 

At  the  end  of  the  test,  weuthering 
appeared  to  be  severe  in  all  exposed 
directions.  Of  the  12  labels  under  test  on 
the  top  surfaces  of  the  boxes,  only  one  label 
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and  one-third  of  another  remained  intact. 
Labels  on  the  sides  fared  considerably 
better,  however.  Obviously,  the  appropriate 
place  fot  labels  is  not  on  the  top  surface  of 
the  package,  if  it  is  to  be  stored  outdoors. 
The  transparent,  pressure-sensitive  tape  over- 
lay test  specimens  outperformed  all  other 
groups  after  6 mo  whenever  the  covers  were 
applied  to  extend  5/8  in.  beyond  the 
bottom  and  top  edges  of  the  labels  and  3/4 
in.  beyond  each  side  of  the  label.  This  study 
serves  to  illustrate  the  deterioration  of  labels 
in  the  outdoor  environment  and  the  orienta- 
tion dependence  of  that  deterioration. 


5-3  HANDLING 
5-3.1  GENERAL 

Handling  is  the  first  operation  encoun- 
tered by  materiel  in  the  logistic  cycle  and 
occurs  repetitively  throughout  all  phases  of 
transportation  and  storage.  When  the  item  of 
materiel  is  completed  by  the  manufacturer, 
the  materiel  begins  to  experience  handling 
stresses.  Indeed,  the  packaging  and/or  pack- 
ing that  must  be  accomplished  before 
delivery  involve  handling, 

Handling  is  usually  of  relatively  short 
duration  and  generally  represents  only  a 
small  fraction  of  the  time  that  the  materiel 
is  in  the  logistic  flow.  Handling  usually  is 
associated  with  transportation;  in  fact,  for 
most  purposes  it  can  be  considered  us  a 
short-duration  interface  operation  between 
two  dissimilar  stages  in  the  logistic  cycle. 
Illustrative  of  this  characteristic  of  handling 
in  the  logistic  cycle  is  a typical  cycle, 
chronologically  defined  us: 

(1)  Manufacture 

(2)  Handling 

(3)  Transportation  to  storuge 

(4)  Handling 

(5)  CONUS  storuge 
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(6)  Handling 

(7)  Overseas  transport 

(8)  Handling 

(9)  Overseas  storagee 

(10)  Handling 

(11)  Transportation  to  user  units 

(12)  Handling 

(13) ,  Storage  by  user  units 

(14)  issue  to  user  {handling). 

As  can  be  seen,  handling  occupies  an 
intermediate  point  chronologically  whenever 
a major  change  in  status  of  the  materiel 
occurs  in  the  logistic  cycle.  In  spite  of  the 
fact  that  handling  occurs  frequently,  because 
of  the  short  duration  of  any  given  handling 
event,  the  total  time  that  materiel  is  handled 
is  relatively  small  when  compared  to  the 
temporal  length  of  the  logistic  cycle.  On  the 
other  hand,  storage  (particularly  depot  or 
warehouse  storage  of  an  item  of  materiel) 
can  continue  uninterrupted  for  years.  Conse- 
quently, it  is  axiomatic  that  the  length  of 
time  that  materiel  remuins  in  other  stages  or 
portions  of  the  logistic  cycle  is  generally 
significantly  greater  than  the  length  of  time 
it  remains  in  the  handling  environment. 
Although  not  stated  explicitly,  it  should  be 
recognized  that  handling  occurs  within  the 
storage  and  transportation  portions  of  the 
logistic  cycle  when  it  is  necessary  to  rotate 
stock  or  to  rearrange  loads. 

Protection  in  the  handling  environment  is 
directed  toward  prevention  of  rapid  deterio- 
ration of  materiel  as  a result  of  short-term 
exposure  to  specific,  fast-acting  environ- 
mental factors,  such  us  shock  und  vibration 
(these  factors,  which  cause  physical  damage 
und/or  mechanical  deformation,  are  probably 
the  most  significant).  Handling  stresses  are 
among  the  most  severe  examples  of  mechani- 
cal environmental  factors  und.  thus,  often 
are  the  determining  factor  in  package  design. 
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6-3.2  MECHANICAL  EFFECTS 

When  examining  handling,  it  is  pertinent 
to  consider  the  means  whereby  stresses  are 
impoied  on  materiel;  i,e„  what  does  the 
handling?  Handling  of  items  weighing  less 
than  100  lb  that  are  not  packed  in  bulk  or 
bulk  packages  weighing  less  than  100  lb 
normally  utilizes  the  most  sophisticated,  and 
at  times,  the  most  destructive  handling 
machine;  man!  Whenever  materiel  is  handled 
directly  by  man  with  his  hands,  the  process 
is  referred  to  as  manual  handling.  Again, 
when  simple,  non -self- propelled  machines  are 
used  by  man  in  handling  materiel,  the 
process  is  still  called  manual  handling.  The 
most  widely  used  non-self-propelied  handling 
machines  are  handtrucks,  dollies,  and  wheel- 
barrows. 

A wide  variety  of  self-propelled  or 
mechanically  propelled  machines  are  em- 
ployed in  handling  materiel.  While  mechani- 
cal handling  equipment  is  used  widely  for 
virtually  all  types  of  materiel,  they  arc 
particularly  appropriate  for: 

(1)  Very  large  or  heavy  items 

(2)  Bulk-packaged  items 

(3)  Palletized  loads 

(4)  Large  quantities  of  items 

(5)  Routine,  repetitive  operations. 

Meihanicully  propelled  handling  equip- 
ment includes: 

(1 ) Forklift  trucks 

(2)  Wheeled  warehouse  tractors 

(3)  Warehouse  truck  cranes 

(4)  Pallet  trucks 

(5)  Fixed  platform  trucks 

(6)  Straddle-carry  trucks 


(7)  Hoists 

(8)  Overhead  cranes 

(9)  Gantry  ernnes 

(10)  Belt  conveyors 

(11)  Roller  gravity  conveyors 

(12)  Wheel  gravity  conveyors. 

Belt  conveyors  are  used  primarily  for 
transporting  solid,  particulate  bulk  materiel 
that  is  handled  in  targe  quantity,  as  well  us 
for  handling  large  quantities  of  smull  items 
between  two  fixed  points  in  a local  area. 
Pipelines  are,  of  course,  a type  of  conveyor, 
but,  since  they  usually  involve  movement  of 
materiel  over  long  distances,  it  is  felt  that 
they  are  more  properly  classified  as  a mode 
of  transportation  rather  thun  a piece  of 
handling  equipment.  This  implies  that  han- 
dling Is  the  movement  of  materiel  (cither 
manually  or  mcchunicully)  over  short  dis- 
tances, while  transportation  involves  the 
movement  of  materiel  over  longer  distances. 
This  is  indeed  the  basis  on  which  the 
distinction  between  handling  and  transporta- 
tion is  made.  Since  the  terms  “short 
distances”  and  "longer  distances”  are  essen- 
tially qualitative,  a certuin  amount  of 
“arbitrariness"  may  be  involved  In  the 
decision  of  whether  u particular  process  is 
handling  or  transportation. 

For  purposes  of  this  discussion,  bundling 
includes  the  following  processes: 

(1)  Transfer  of  muterlel  from  one  point 
in  a facility  to  u transportation  vehicle  for 
transportation  to  unothcr  facility 

(2)  Transfer  of  materiel  between  vehicles 

(3)  Transfer  of  materiel  between  different 
points  in  a storage  faeility 

(4)  Trunsfcr  from  the  user  supply  faeility 
to  the  user,  As  can  be  seen  from  these 
processes,  handling  always  involves  loading, 
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unloading,  repacking,  rearranging,  and/or 
local  movement  within  a facility. 

Having  defined  handling  and  the  means 
(manual  or  mechanical)  whereby  handling  is 
achieved,  it  is  now  appropriate  to  define,  in 
qualitative  terms,  the  handling  environment, 
The  handling  environment  is  a composite  of 
all  the  motions  experienced  by  materiel  as  it 
is  transferred  between  transport  modes  and 
within  terminals.  The  different  kinds  of 
mechanical  loads  that  recur  frequently  car 
be  categorized  into  three  types  (Ref.  6): 

(1)  Materiel  or  its  containers  impacting 
against  each  other  as  they  are  positioned  in 
yards,  either  on  chassis  or  handling  equip- 
ment 

(2)  Various  bodies,  such  as  handling  gear 
and  protrusions,  impacting  on  materiel  and 
its  containers  at  random  locations  on  panels, 
roofs,  frame,  and  bottom 

(3)  Hard  landing  on  surfaces,  such  as 
uneven  ground  surfaces,  the  apron  of  a 
dock,  or  a stacking  position,  causing  concen- 
trated bottom  loads  elsewhere  than  on  the 
corner  fittings. 

Factors  that  contribute  to  mechanical 
damage  include  stacking,  lifting,  restraint 
measures,  racking  (which  Is  the  application 
of  lateral  loading  and  top  corner  fittings 
against  a restraining  force  in  the  opposite 
direction  from  the  bottom  comer  fittings), 
lashing,  und  various  forms  of  endwall  and 
sidewull  pressures  encountered  by  containers 
within  the  handling  environment. 

As  demonstrated,  the  handling  environ- 
ment can  be  \jry  severe,  particularly  with 
respect  to  impact  that  results  in  shock, 
vibration,  and/or  mcchaiucal  deformation. 
The  emphasis  of  most  Military  Specifications 
on  impact  or  shock  reflects  the  severity  of 
the  handling  environment.  Most  shock  speci- 
fications involve  drop  and  impact  tests  that 
can  be  recognized  as  direct  analogs  of  events 
that  can  and  do  occur  in  the  handling 
environment. 


An  indication  of  the  types  of  handling 
impacts  that  are  considered  tolerable  in  the 
handling  environment  and  for  which  materiel 
is  packaged  to  provide  protection  can  be 
understood  best  by  examining  the  values  of 
these  parameters  as  defined  in  the  various 
specifications  on  impact  testing,  drop  test- 
ing, and  other  rough  handling  tests, 

Rough  handling  tests  include  the  incline- 
impact  test,  pendulum-impact  test,  edge- 
wise-drop  test,  cornerwise-drop  test,  and 
drop  test  (free-fall)  (Ref.  3).  For  edgewise- 
drops  (which  consist  of  two  drops  for  each 
ond  of  the  packaged  materiel)  the  height  of 
drop  is  a function  of  weight,  Table  5-1 
outlines  the  characteristics  of  the  various 
rough  handling  tests.  The  test  methods  for 
performance  of  these  tests  are  contained  in 
Federal  Standard  No,  101  (Ref.  7). 

Many  investigators  deem  the  handling 
environment  to  be  one  of  the  most  severe 
environments  with  respect  to  shock  and 
impact  loading  of  any  portion  of  the  logistic 
cycle,  A considerable  amount  of  discussion 
in  the  literature  concerns  the  degree  to 
which  specifications  on  the  various  drop  and 
impact  tests  reflect  the  real  handling  en- 
vironment. Many  investigators  feel  that  the 
standards  generally  are  too  conservative  and 
do  not  reflect  the  severity  of  the  actual 
handling  environment  as  it  is  encountered  in 
normal  handling  operations.  Quantification 
of  the  actual  handling  environment  experi- 
enced by  materiel  and  specification  of  the 
impuct  and  drop  levels  that  materiel  must 
endure  to  be  satisfactory  are  still  in  a stute 
of  flux. 

5 ? 3 OTHER  ENVIRONMENTAL  FAC- 
TORS 

Aside  from  mechanical  factors  (primarily 
shock  and  vibration),  other  environmental 
factors  such  as  temperature,  humidity  and 
tain,  and  solar  radiation  may,  during  han- 
dling operations,  contribute  to  materiel 
deterioration.  Further,  it  is  not  uncommon 
for  the  package  to  be  compromised  during 
handling,  thus  resulting  in  additional,  con- 
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TABLE  5-1. 

ROUGH  HANDLING  TESTS  (Ref.  3) 


Typt 

Packaged  weight, 
lb 

Height  of  drop, 
In. 

Edgewise  drop 

< 250 

30 

(2  drops  etch  end) 

250-500 

24 

CornerwIsB  drop 

500-1000 

18 

(2  drops  on  diagonally 
opposite  corners) 

> 1000 

12 

Pendulum- Impact 

< 250 

14 

(one  Impact  on  2 opposite 

250-500 

11 

ends) 

500-1000 

8 

> 1000 

5 

Incline-Impact 

< 250 

84 

250-500 

66 

500-1000 

48 

> 1000 

30 

tlnulng  exposure  to  ambient  environmental 
factors. 

64  STORAGE 
54.1  GENERAL 

Not  only  must  all  military  materiel  be 
packaged  so  that  it  can  withstand  the 
handling  environment,  but  most  materiel,  if 
it  is  to  reach  the  user  in  operable  condition, 
also  must  be  protected  In  the  storage 
environment.  This  requires  additional  con- 
straints on  packaaing  since  the  environments 
during  handling  and  storage  are  essentially 
dissimilar.  They  are  dissimilar  both  in 
temporal  duration  and  in  the  factors  that 
represent  the  major  hazard  to  materiel. 

First,  the  handling  environment  is  of 
relatively  short  duration  and  generally  repre- 
sents only  a small  fraction  of  the  time  that 
the  materiel  is  in  the  logistic  system,  in  spite 
of  the  fact  that  handling  occurs  more 
frequently,  Storage,  particularly  depot  or 
warehouse  storage,  of  an  Item  of  materiel 


can,  however,  continue  uninterrupted  for 
years  and  thus  constitute  a longer  period  of 
materiel  exposure  than  any  other  function  in 
the  logistic  cycle. 

Second,  protection  in  the  handling  en- 
vironment is  directed  toward  prevention  of 
rapid  deterioration  of  materiel  as  a result  of 
short-term  exposure  to  specific,  fast-action 
environmental  factors  (such  as  shock  and 
short-term  vibration),  while,  in  the  storage 
environment,  these  factors  are  relatively 
unimportant.  Materiel  in  the  storage  environ- 
ment requires  protection  against  deteriora- 
tive agents  that  are  relatively  slow  in 
action-such  as  temperature,  relative  humid- 
ity, visible  moisture,  and  microbiological  and 
macrobiological  attack. 

In  the  paragraphs  that  follow,  the  classes 
of  storage  and  the  types  of  structures  used 
for  storage  are  discussed.  Next,  effects  of 
various  storage  environments  on  materiel  and 
the  delineation  of  the  environment  in  several 
representative  storage  structures  are  given. 
Finally,  because  food  is  generally  the  most 
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perishable  item  in  the  logistic  cycle  and, 
therefore,  the  item  most  likely  to  be 
affected  by  long-term  storage,  several  effects 
of  storage  on  conventionally  processed 
rations  plus  a sampling  of  environmental 
effects  on  food  prepared  by  special  process- 
ing techniques  are  presented. 


6-4.2  CLAS8E80F  STORAGE 

During  storage,  all  military  materiel  must 
be  packaged  so  that  it  is  capable  of 
withstanding  the  effects  of  the  environ- 
mental conditions  to  be  encountered.  From 
a packaging  standpoint  the  various  classes 
and  types  of  storage  have  been  delineated  as 
(Ref.  1): 

(1 ) Class  A , Dormant  Storage.  Packaged 
item  is  protected  against  the  entry  of  the 
elements  by  preservation,  sealing,  covering, 
and  placing  in  shelter  and  buildings,  either 
dehumidified  or  nondehumidifled.  Items  in 
dormant  storage  arc  not  operated  between 
reprocessing  cycles. 

(2)  Class  B,  Active  Storage.  Packaged 
item  is  protected  by  the  same  basic  measures 
as  dormant  storage  except  that  certain 
preservation  requirements  are  replaced  or 
supplemented  by  specific  periodic  exercising, 
either  by  running  the  equipment  or  by 
operating  the  equipment  with  an  external 
power  or  driving  source. 

(3)  Type  l,  Outside  of  Buildings  (Open) 
Storage.  Open  storage  consists  of  a storage 
area  exposed  to  the  extremes  of  the  local, 
natural  environment.  The  package  must 
protect  the  packaged  items  from  all  weather 
elements  as  well  as  from  fungus,  pests,  dust, 
pilferage,  and  the  unpredictable  results  of 
idle  curiosity.  When  it  is  known  that 
materiel  will  be  stored  in  open  storage, 
maximum  utilization  of  known  packaging 
methods  and  materials  is  needed  to  Insure 
the  serviceability  of  the  stored  materiel. 
Constant  surveillance  and  maintenance  are 
required  to  prevent  deterioration. 


(4)  Type  2.  Sheltered  Storage.  Consists  of 
ventilated  or  unventilated,  heated  or  un- 
heated buildings,  shelters,  and  clotures  of 
structural  characteristics  designed  to  afford 
protection  from  the  elements.  The  stored 
materiel  is  not  protected  from  atmospheric 
changes  of  temperature  and  humidity.  Peri- 
odic surveillance  and  maintenance  are  re- 
quired to  keep  deterioration  to  a minimum. 

(5)  Type  3,  Dehumidified  Structural  Stor- 
age, Consists  of  structures  in  which  the 
atmosphere  is  maintained  at  a relative 
humidity  of  40  percent  or  less.  Controlled 
humidity  storage  in  structures  provides  a 
high  degree  of  protection  and  is  the  most 
economical  method  of  storage  for  items  of  a 
critical  nature  since  little  surveillance  and 
maintenance  is  required. 

(6)  Type  4 , Dehumidified  Nonstructural 
Storage.  Consists  of  complete  or  partial 
sealing  of  the  packaged  item  with  u 
mechanical  or  static  dehumidification  of 
each  item,  singly  or  in  series,  in  which  the 
relative  humidity  of  the  atmosphere  within 
the  interior  areas  does  not  exceed  40 
percent.  Controlled  humidity  storage  of 
individual  items  requires  the  surveillance  of 
individual  items  to  insure  constant  protec- 
tion. 

The  storage  of  explosive  materiel  is 
determined  by  the  potential  hazards  of  the 
materiel  as  well  as  deterioration  factors. 
Materials  of  an  explosive  nature  must  be 
stored  in  standard  ammunition  magazines 
designed  for  the  purpose,  or  in  ureas 
designed  specifically  for  the  storage  of 
explosives,  ammunition,  or  loaded  compo- 
nents. These  areas  usually  are  not  wired  for 
electricity  and  generally  are  not  heated.  The 
packaged  item  must  be  adequately  preserved 
to  protect  it  from  deterioration. 

Most  nonperishable  materiel  Is  placed  In 
dormant  storage,  where  it  is  completely 
immobilized  until  required.  Dormant  storage 
usually  lusts  from  I to  3 yr.  depending  on 
operational  requirements  for  the  Item  and 
on  the  need  for  inspection  and  for  renewal 
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of  protective  measures.  Many  items-espe- 
cially  mechanical  equipment-must  be  kept 
in  active  storage  where  they  can  be  operated 
every  60  to  90  days.  This  is  necessary  in 
order  to  redistribute  preservatives  over  criti- 
cal surfaces.  The  features  of  active  and 
dormant  storage  are  given  in  Table  5-2. 

M.3  STORAGE  STRUCTURES 

Storage  structures  In  the  military  can  be 
classified  broadly  into  two  basic  types, 
covered  storage  and  open  storage.  Covered 
storage  is  storage  within  any  roofed  struc- 
ture. Within  the  broad  category  of  covered 
storage,  the  military  services  utilize  a vaiiety 
of  structural  typea.  The  fundamental  types 
in  general  uae  are  (Ref.  8): 

(1)  General-purpose  warehouse 

(2)  Refrigerated  warehouse 

(3)  Flammable-storage  warehouse 

(4)  Above-ground  magazine 

(5)  Igloo 

(6)  Controlled-humldity  warehouse 

(7)  Dry  tank 

(6)  Shed. 

M.3.1  General- purpose  Warehouse 

A general-purpose  warehouse  is  con- 
structed with  roof,  sidewalls,  and  endwalls 
and  may  be  constructed  on  grade  or  raised 
with  loading  docks.  Cantilever-supported 
canopies  may  also  be  provided,  Ihis  type  of 
warehouse  may  be  heated  or  unheated.  The 
greatest  portion  of  the  total  available 
covered  storage  apace  at  military  installations 
normally  Is  contained  in  this  type  of 
structure. 

B-4.3.2  Rafrigarated  Warehouse 

A refrigerated  warehouse  is  used  for  the 
storage  of  perishable  items.  Outwardly,  It 


resembles  the  general-purpose  warehouse, 
with  a truck  and  railcar  platform  on  two 
opposing  sides  of  the  warehouse.  The 
in  ter, or  of  the  refrigerated  warehouse  usually 
is  divided  into  two  distinct  parts.  One  part  is 
designated  as  chill  space  in  which  the 
temperature  can  be  controlled  between  32s 
and  50°  F.  The  ether  part  is  designated  as 
freeze  space.  In  this  area,  the  temperature 
can  be  controlled  below  a level  of  32°F. 

M.3. 3 Flammable-storage  Warehouse 

The  flammable-storage  warehouse  is  built 
of  noncombustible  materials  and  has  fire- 
walls with  a 4-hr  fire  resistance  rating,  The 
main  source  of  protection  is  provided  by 
automatic  deluge-type  sprinklers  connected 
to  an  adequate  water  supply  plus  an 
alarm-reporting  system. 

M.3, 4 Above-ground  Magazine 

The  above-ground  magazine  Is  designed 
and  used  for  the  storage  of  ammunition  and 
explosives.  It  is  constructed  with  roof, 
sidewalls,  and  endwalls.  Because  of  the 
nature  of  the  items  stored  in  them, 
above-ground  magazines  are  built  of  fire- 
proof materials  and  are  well  ventilated  to 
ieasen  the  danger  of  explosion.  The  above- 
ground  magazines  are  widely  separated  to 
minimize  the  destructiveness  of  an  explo- 
sion. 

B-4.3.5  Igloo 

Igloos  also  are  used  for  the  storage  of 
ammunition  and  high  explosives.  This  type 
of  magazine  usually  is  constructed  of 
masonry  with  an  arched  roof  covered  with 
earth.  Hie  arched  roof  Is  an  added  safety 
feature.  In  the  event  of  an  explosion,  the 
highest  point  of  the  arch  (being  the  weakest 
point)  will  collapse  first,  thereby  lessening 
the  damage  caused.  Good  ventilation  is 
provided  in  igloos,  and,  although  they  arc 
not  heated,  the  Inside  temperature  ordinarily 
ranges  between  40°  and  45® F In  the  winter 
and  60°  to  70®F  in  the  summer.  Igloos,  too. 
generally  ore  located  in  isolated  locations. 
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64.3.6  Controlled  humidity  Warehouse 

The  controlled-humidity  warehouse  is  de- 
signed  to  maintain  relative  humidity  within  a 
storage  area  at  or  below  a predetermined 
level.  Since  controlled  humidity  in  covered 
storage  space  has  proved  to  be  the  most 
efficient  and  economical  method  for  in-stor- 
age  preservation  of  many  items,  it  increasing* 
ly  is  being  used  for  on-hand  stocks  as  well  as 
for  newly  procured  items.  When  controlled* 
humidity  warehouses  are  employed,  packag- 
ing requirements  often  can  be  relaxed  to 
permit  a more  economical  grade  of  packag- 
ing. Almost  any  type  of  warehouse  may  be 
operated  with  controlled  humidity  if  it  is 
properly  sealed  and  conditioned.  The  num- 
ber and  uses  of  controlled-humidity  ware- 
houses required  at  « storage  installation 
depend  on  the  annual  relative  humidity  of 
the  location,  the  assigned  minion,  and  the 
characteristics  of  the  stocked  items. 

64.3.7  Dry  Tank 

Dry  tanks  are  constructed  of  metal  except 
for  a concrete  floor.  These  tanks  may  have 
controlled  temperature  and  humidity.  They 
are  sealed  units  and  arc  built  at  ground  level 
with  no  car  loading  and  truck  loading 
plat  forma.  Dry  tanks  are  used  for  long-term 
ctorage.  Most  are  Icid  out  in  long  lines  to 
facilitate  humidity  control.  Parts  and  equip- 
ment not  deatlned  for  use  for  a number  of 
years  are  stored  in  these  tanks.  Because  of 
the  site  and  shape  of  dry  tanks,  there 
usually  are  no  operating  aisles  for  material- 
handling equipment.1 

64.3.6  Shed 

Sheds  are  used  for  itorage  of  materiel  that 
requires  maximum  ventilation  and  does  not 
require  complete  protection  from  the 
weather.  A variety  of  materiel  may  be  stored 
in  sheds  in  much  the  same  manner  as  in  a 
general-purpose  warehouse.  Shed-stored  sup- 
plies requiring  added  protection  from  the 
weather  may  be  protected  by  various  means 
while  other  supplies  requiring  only  minimum 
protection  arc  left  semiexposed  (Pig.  5-3). 


For  example,  tarpaulins  may  be  used  us 
sidewalls,  or  serviceable  unused  pallets  may 
be  positioned  to  form  a protective  wall. 

64.3.8  Open  Storage 

Open  storage  space  ia  an  improved  or 
unimproved  area  designated  for  storing 
materiel.  Open,  improved  storage  space 
includes  space  that  has  been  graded  and 
surfaced  with  concrete,  tar  or  asphalt, 
crushed  atone  or  gravel,  or  other  suitable 
topping  (Fig.  54).  Open,  unimproved  stor- 
age is  an  unturfaced  open  area  designated 
for  itorage  purposes.  The  restrictions  placed 
on  the  use  of  material-handling  equipment  is 
a significant  disadvantage  in  unimproved 
open  itorage.  In  any  type  of  open  itorage, 
materiel  protection  requirements  should  be  a 
reasonable  minimum,  or  itock  should  be 
placed  in  such  a manner  as  to  fully 
withstand  the  effects  of  weather  exposure. 
For  various  reasons  materiel  atored  In  open 
areas  often  requires  a protective  covering 
such  as  tarpaulins.  This  adds  conaiderably  to 
the  cost  of  storage  operations  both  from  the 
standpoint  of  materiel  coat  and  the  operat- 
ing overhead  in  covering  and  uncovering 
during  in-storage  handling.  This  underlines 
the  fact  that  only  stocks  able  to  withatand 
the  frill  impact  of  weather  conditions  should 
be  stored  in  open  areas  unleu  other 
overriding  considerations  make  it  necessary. 

64.4  STORAGE  AND  CLIMATIC  FAC- 
TORS 

64.4.1  Effects  of  Storage  Structure 

54.4.1.1  Introduction . The  Naval  Civil  En- 
gineering Laboratory,  Port  Hueneme,  Calif., 
investigated  the  effects  on  a variety  of 
materiel  (excluding  food  and  clothing)  of 
five  different  types  of  storage  environments 
over  a 5-yr  period  (Ref.  10),  The  five 
environments  were  an  open-air  slab,  a shed, 
a standard  warehouse,  and  two  dehumidified 
warehouses,  one  with  50  percent  relutivc 
humidity  and  the  other  with  40  percent 
relative  humidity.  Alt  structures  were  one- 
story,  40  X 100  ft,  and  of  prefabricated 
metal  construction. 
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The  open-air  slab  and  the  floors  in  the 
other  tour  structures  were  4-in.-thiek  asphal- 
tic concrete.  The  shed  consisted  of  a 
building  with  its  long  leeward  side  open  to 
the  atmosphere.  The  standard  warehouse  was 
erected  as  received  flrom  stock  except  that 
the  walls  and  ceiling  were  lined  with 
insulation  and  flberboard.  The  controlled* 
humidity  warehouses  were  similar  to  the 
standard  warehouse  except  that  all  joints 
were  sealed  with  a bituminous  cement,  the 
windows  and  rear  cargo  doors  were  replaced 
with  regular  metal  sidings,  and  the  front 
cargo  doors  were  sealed  after  stores  were  set 
in  place. 

To  determine  the  possible  effects  of 
outside  storage  on  equipment  removed  from 
warehouses,  most  of  the  items  in  the  40 
percent  relative  humidity  warehouse  were 
placed  on  the  open  slab  for  the  last  12  mo 
of  the  test.  The  test  lasted  for  a period  of  5 
yr,  and  the  equipment  in  the  test  included 
such  Items  as  jeeps,  dump  trucks,  search- 
lights, steam  boilers,  pumps,  welders,  bake 
ovens,  lathes,  and  telephone  switchboards. 
The  open-air  and  shed  environments  each 
contained  19  different  items;  the  remaining 
environments  each  contained  29,  Materiel 
was  inspected  periodically  to  determine  the 
ability  of  each  storage  method  to  protect 
equipment  from  rust.  Equipment  in  the 
open  air  was  inspected  every  3 mo.  in  the 
shed  every  6 mo,  and  in  the  remaining  three 
environments  every  12  mo.  Upon  comple- 
tion of  the  S-yr  exposure  period,  all 
equipment  was  given  u final  inspection. 

5-4.4. 1.2  Environment-storage  Relationships. 
Fig.  5-5  gives  the  average  temperature, 
relative  humidity,  and  vapor  pressure  for  the 
open-air  slab  and  the  shed  for  the  period  1 
February  1956  to  1 September  1958.  The 
yearly  temperature  is  nearly  sinusoidal  for 
these  environments  with  an  approximate 
15-deg  F amplitude.  Mean  lows  vary  from 
50*  to  55" F and  the  mean  highs  from  65° 
to  70* F.  The  relative  humidity  curve  for  the 
open-air  shed  shows  a conspicuous  drop 
during  the  late  fall  und  early  winter  months. 
This  drop  is  caused  by  frequent  hot  and  dry 


east  winds  which  lower  the  relative  humid- 
ity. These  winds  are  a seasonal  occurrence. 
During  this  period,  relative  humidity  as  low 
as  5 percent  has  been  recorded  occasionally, 
but  the  average  generally  fulls  between  30 
and  40  percent  despite  periodic  rains.  The 
relative  humidity  during  the  remainder  of 
th;'  year  approximates  70  percent.  The  water 
vapor  partial  pressure  varies  directly  with  the 
dry-bulb  temperature  and  relative  humidity. 
The  vapor  partial  pressure  curve  is  somewhat 
sinusoidal  with  an  amplitude  of  about  0.3 
in.  of  mercury  and  varies  from  0.2  to  0.5  in. 

The  yearly  curves  for  the  standard 
warehouse  (Fig.  5-6)  are  similar  to  those  of 
the  op<  ;tir  shed  curves.  Again,  the  tempera- 
ture vu  ution  is  nearly  sinusoidal  with  an 
approximate  15-deg  F amplitude,  but  it  is 
about  5 deg  F warmer  inside  the  building. 
The  mean  lows  vary  from  55“  to  62° F and 
the  mean  highs  from  70"  to  75“  F.  The 
building  itself  damped  the  fluctuations  of 
the  relati’'  humidity  somewhat,  and  its 
variations  .t  ■ less  pronounced  during  the 
winter  moi  . ,b.  During  the  period  of  hot, 
dry,  east  winds,  the  relative  humidity  drops 
to  around  15  percent,  but  throughout  the 
fall  und  winter  months,  the  average  fluctu- 
ates between  40  und  45  percent.  The  relative 
humidity  during  the  remainder  of  the  year  is 
uround  55  percent,  The  water  vapor  partial 
pressure  curve  reflects  less  of  a sinusoidal 
pattern  thun  the  open-air  shed  curve,  and  it 
varies  from  approximately  0.23  to  0.58  in. 
of  mercury. 

Figs.  5-7  und  5-8  are  the  curves  for  the 
controlled  humidity  warehouses.  The  tem- 
perature curves  for  both  the  40  percent 
relative  humidity  and  the  50  percent  relative 
humidity  environments  aic  sinusoidal  with 
approximate  amplitudes  of  15  deg  F.  The 
desiccant  machines  udd  heat  to  the  ware- 
house air  when  a newly  reactivated  bed  is 
cycled  into  use;  therefore,  it  is  slightly 
wurnter  in  the  dehumidified  warehouse  than 
in  the  stundurd  warehouse.  Also,  because  of 
longer  desiccant  machine  operations,  it  is 
slightly  warmer  in  the  40  nercent  relative 
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Figure  58  Environmental  Conditions  m 40%  Relative  Humidity  Warehouse  (Rtf.  1 1 ) 
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TABLE  5-3. 

ENVIRONMENTAL  CONDITIONS  IN  STORAGE  FACILITIES  (Rtf.  Ill 


Environment 

Temperature, 

°F 

Relative  humidity, 
X 

Water  vapor 
partial  pressure, 
in.  Hg 

Open  slab  & shed 

61.1 

68.9 

0.378 

Standard  warehouse 

66.0 

55.0 

0.363 

SOX  RH  warehouse 

66. 5 

49.0 

0.327 

40%  RH  warehouse 

67.3 

39.7 

0.272 

humidity  than  in  the  SO  percent  relative 
humidity  building. 

The  relative  humidity  in  euch  building  wus 
held  to  within  *3  percent  relative  humidity  of 
the  designated  level.  The  water  vapor  partial 
pressure  curves  are  sinusoidal  and  vary  mostly 
with  the  temperatures  since  the  relative 
humidity  in  each  environment  is  essentially 
constant.  The  vapor  partiul  pressure  in  the  40 
percent  relative  humidity  warehouse  varies 
from  approximately  0.20  to  0.4  in.  of 
mercury  and  in  the  50  percent  rclutive 
humidity  warehouse  from  approximately  0.24 
to  0.42  in.  of  mercury.  The  overall  arithmeti- 
cal averages  of  the  temperature,  relutlve 
humidity,  and  vapor  partial  pressure  for  each 
type  of  storage  are  given  in  1 able  5-3, 

5. 4.4. 1,3  Effects  on  Materiel.  Rust  and 
deterioration  encountered  during  euch  in- 
spection were  classified  and  recorded.  Rust 
classification  wus  in  accordance  with  the 
following  terminology, 

(1)  Class  l,  Stain  Discoloration  or  stuin- 
ing  with  no  evidence  of  pitting,  etching,  or 
other  surface  damage  visible  to  the  naked 
eye. 

(2)  Class  II.  Unlit  Corrosion  Surface 
C orrosion.  Loose  rust  or  corrosion,  no  tight 
rust  or  scale.  When  removed  by  wiping,  it 


leaves  u stuin  but  no  evidence  of  pitting, 
etching,  or  other  surface  damage  visible  to 
the  nuked  eye. 

(3)  Class  III . Medium  Corrosion.  Loose  or 
granular  rust  or  corrosion,  together  with 
visible  evidence  of  minor  pitting  or  etching. 

(4)  Class  IV , Heavy  Corrosion.  Powdered 
scale  or  tight  rust  or  corrosion,  together 
with  deep  pits  or  irregular  ureus  of  material 
removed  from  the  surface. 

During  the  finul  inspection,  it  wus  evident 
thut  the  sume  components  were  rusting 
regurdlcss  of  environment  und  with  little 
regard  for  preservation  methods.  It  also  wus 
found  that  the  deterioration  wus  somewhut 
similur  in  each  environment.  Five  compo- 
nents were  involved  predominantly:  internal 
combustion  engines,  gear  boxes,  fuel  injector 
sets,  hydraulic  brake  systems,  and  cooling 
systems, 

The  nature  of  the  deterioration  of  inlernul 
combustion  engines  consisted  ulmost  entirely 
of  top  cylinder  rust  including  cylinder  walls, 
valves,  und  head  surfaces.  This  rust  usually 
occurred  when  the  valves  were  in  a closed  or 
nearly  closed  position.  Very  little  rust  was 
found  in  the  cylinders  when  the  valves  were 
open  enough  to  permit  air  to  circulate 
through  the  cylinders,  except  in  a few 
instances  in  which  heavy  rust  was  caused  by 
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water  seeping  into  cylinders  through  a 
leaking  head  gasket.  Nearly  all  of  the  gears 
and  gearboxes  (including  transmissions),  dif- 
ferentials, power-takeoff  units,  and  transfer 
cases  of  a 2-1  /2-ton  dump  truck  and  the 
1 /4-ton  jeep  were  heavily  stained.  The  sole 
exception  was  a 2-1/2-ton  dump  truck, 
located  in  the  standard  warehouse,  whose 
gears  were  in  excellent  condition.  In  this 
instance,  a light  oil  preservative  had  been 
fogged  into  the  transfer  case,  and  the 
transmission  differential  and  power-takeoff 
unit  had  been  protected  with  a lubricant. 

A 30-kW  diesel  generator  was  the  only 
item  with  fliel  injectors.  These  injectors, 
irrespective  of  preservation  level,  all  had 
corrosion  on  such  parts  as  the  plunger, 
sleeve,  and  spring.  In  the  hydraulic  brake 
systems,  rust  was  predominant  in  the  wheel 
cylinders  and  the  master  cylinder.  It  is  likely 
that  the  brake  fluid  had  been  contaminated 
by  water  since  the  fluid  was  hygroscopic.  A 
high  incidence  of  rust  occurred  in  the  water 
pumps  of  engine  cooling  systems,  caused  by 
water  that  had  pocketed  when  the  system 
was  drained.  The  remaining  rust  and  deterio- 
ration encountered  at  the  final  inspection 
appeared  to  occur  randomly  and  to  be 
caused  by  environment. 

In  the  initial  portion  (first  2-1/2  yr)  of 
the  study  (Ref.  11),  it  was  concluded  that 
corrosion  is  the  most  costly  form  of 
deterioration  of  equipment  in  storage.  The 
primary  fuctors  contributing  to  corrosion  are 
oxygen  and  alternate  wetting  and  drying; 
sunlight  and  variable  weather  are  secondary. 
Oxygen  is  always  present,  while  the  wetting 
and  drying  action  comes  largely  from 
nighttime  condensation  and  daytime  evapo- 
ration. Condensation  in  areas  with  high 
dewpoint  temperatures  may  be  visible  as  u 
film  or  as  drops  of  water,  (n  dry  climates,  it 
may  be  an  invisible,  microscopically  thin 
film.  Temperature  stability,  the  partial  pres- 
sure of  the  water  vapor  in  the  air,  and  the 
mass-area  ratio  of  the  object  all  influence 
the  amount  of  condensation.  Corrosion 
accelerates  if  condensation  includes  dissolved 
mineral  salts  such  as  those  present  In  ocean 


air  and  certain  industrial  atmospheres.  Dust 
particles  settling  on  the  metal  from  the  air 
also  markedly  accelerate  corrosion. 

Measurement  of  the  corrosion-producing 
potential  of  each  environment  was  made 
with  an  instrument  called  the  uorrosometer. 
The  unit  consists  of  a probe  or  probes  and  a 
special  meter.  The  probe  is  essentially  a taut, 
metal,  sensing  element  4 in.  in  diameter  and 
3 in.  long  which  is  connected  electrically  to 
the  meter  during  readings.  The  extent  of 
probe  corrosion  is  determined  by  measuring 
the  changes  in  electrical  resistance  as  its 
cross  section  is  reduced  by  corrosion. 

A steel,  an  aluminum,  and  a copper  probe 
were  placed  in  each  of  the  live  storage 
environments.  Corrosometer  readings  were 
made  periodically.  Tabic  5-4  gives  the 
corrosometer  readings  for  each  of  the 
environments  during  the  first  2-1/2  yr  of  the 
test,  From  these  data  it  is  clear  that  open-air 
storage  provides  the  least  protection  from 
corrosion  with  the  shed  being  second,  the 
standard  warehouse  third,  and  the  controlled 
relative  humidity  warehouses  providing  the 
most  protection. 

General  observations  on  the  effect  of 
corrosion  on  equipment  in  the  various 
storage  structures  were  obtained  at  the  end 
of  the  test  (Ref,  10). 

In  the  open-air  storage,  items  that  were 
uncrated  or  in  open  crates  had  extensive 
exterior  rust  on  places  such  as  control 
panels,  switches,  pulleys,  flywheels,  exposed 
shaft  ends,  and  universal  joints.  Boxed  items 
were  better  protected  and  had  much  less 
exterior  rust.  For  example,  the  sheet  metal 
hood  over  a crated  floodlight-trailer  engine 
was  irreparably  damaged,  whereas  a similar 
hood  that  was  boxed  was  in  good  condition. 
Interior  surfaces,  such  as  those  found  in  a 
boiler,  a heater,  a bake  oven,  and  a diesel 
generator,  had  considerable  rust. 

In  the  shed  storage,  the  exterior  condition 
of  uncrated  ot  open  crated  items  was  poorer 
than  those  that  were  boxed,  much  like  those 
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in  the  open  air  except  that  the  rust  was  less 
severe.  Also,  items  stored  on  the  open  side 
were  generally  in  poorer  condition  than 
those  along  the  wall  where  they  were  more 
shielded  from  the  weather, 

In  standard  warehouse  storage,  rust  oc- 
curred that  was  attributable  to  environment. 
This  rust,  however,  was  limited  to  small 
areas  of  light  rust  or  stain  with  a few 
exceptions  such  »s  the  combustion  chamber 
and  shell  of  an  oil-fired  heater  and  the 
interior  of  the  compression  tanks  of  com- 
pressor sets  where  rust  was  more  extensive. 
The  general  exterior  condition  of  all  other 
items  was  good  with  little  or  no  change 
(except  dusty  surfaces)  being  appurent. 

In  the  dehumidified  storage  warehouses, 
no  rusting  attributable  to  the  environment 
occurred.  Some  rust  occurred  on  items  that 
were  stored  temporarily  in  a shed  4 or  more 
weeks  waiting  for  the  warehouses  to  be 
erected  prior  to  the  initial  start  of  the  test. 
Subsequent  storage  in  the  dehumidified 
atmosphere  arrested  this  rusting,  With  the 
exception  of  the  rusting  due  to  the 
temporary  storage  and  the  five  components 
previously  discussed,  all  items  were  in 
excellent  condition  with  no  appurent  differ- 
ence In  the  condition  of  items  stored  in  the 
SO  percent  and  40  percent  relative  humidity 
warehouses.  All  exterior  surfaces  were  in 
very  good  condition  with  very  little  surface 
rust.  No  detrimental  effects  of  the  dehumidi- 
fied environments  were  detected  on  seals, 
rubber,  wire  harnesses,  or  guskets, 

Some  engines  were  removed  from  the  40 
percent  relative  humidity  warehouse  after  48 
mo  and  stored  in  open  air  for  the  following 
12  mo.  These  had  the  usual  internal  rust 
plus  a considerable  amount  of  other  rust 
caused  by  exposure  to  the  outdoor  environ- 
ment. The  pattern  of  rusting  during  the  finul 
12  mo  followed  quite  closely  thut  of  items 
that  were  stored  originally  in  the  open  uir 
for  the  same  period  time.  The  general 
exterior  condition  of  the  items  deteriorated 
rapidly  during  the  I 2 mo  of  outside  storage. 


The  effects  discussed  in  this  paragraph 
were  those  directly  concerned  with  opera- 
tion of  the  equipment.  The  effects  of  ruin, 
dust,  sunlight,  and  general  weathering  us 
they  affect  the  serviceability  und  life  of  the 
equipment  were  not  determined.  Table  S-S 
shows  the  time  sequence  of  rust  und 
deterioration  of  three  of  the  vehicles  stored 
for  the  60-mo  period  in  the  open  shed. 
Table  5-6  shows  u similar  time  sequence  of 
rust  and  deterioration  for  items  stored  in  the 
standard  warehouse,  and  Table  5-7  shows 
the  effects  of  storage  in  the  50  percent 
relative  humidity  warehouse.  In  all  these 
tables  the  Roman  numerals  in  parentheses 
refer  to  the  four  classes  of  corrosion 
discussed  earlier.  Where  gear  boxes  are  listed, 
it  refers  to  heavy  stuining  caused  by  the 
MIL-L-2105  gear  lubricant.  NC  means  no 
change  in  umount  of  corrosion  from  the 
previous  time  period  in  which  corrosion  was 
reported. 

54.4.2  WarahouM  Tamparatura:  Various 

Climatic  Environments  and  Storage 
Methods 

During  long-term  storage  of  nonmetullic 
materials  (for  which  corrosion  is  not  u 
significant  factor),  temperature  is  generally 
the  most  severe  environmental  factor  en- 
countered In  warehouses.  High  temperatures 
ure  encountered  in  u wide  variety  of 
environments  und  are  characteristic  of  many 
types  of  warehouse  storage.  For  subsistence 
items  in  particular,  food,  as  well  as  a 
number  of  other  perishable  items  tempera- 
ture represents  the  factor  most  likely  to  lead 
to  deterioration  during  long-term  storage.  As 
u result  of  the  broud  impuct  of  high 
temperatures  on  materiel  in  storage,  it  is 
important  to  consider  the  relationships 
among  climatic  environments,  storage  meth- 
ods. und  the  temperatures  experienced  by 
materie'  under  these  conditions  of  climate 
urid  storage.  The  paragraphs  thut  follow  ure 
intended  to  provide  this  information. 

5-4. 4. 2.1  Temperature  Distribution  In  a 
Typical  Army  Warehouse.  The  temperature 
regimes  at  selected  points  in  u typical  Army 
warehouse  at  Richmond.  Va..  with  and 
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TABLE  M. 

TIME  SEQUENCE  OF  RUSTING  IN  STANDARD  WAREHOUSE  STORAGE  (Rtf.  10) 


Exposure  t1mev,  mo 


Truck,  dump 
2-1/2- ton 
(domestic) 


12 

24 

36 

46 

Prssturs  pi its 
clutch  * 

10t  (I) 

NC+ 

NC 

NC 

Truck,  dump 
2-1 /2-ton 
(contict) 


Truck,  dump 
2-1/2-ton 
(contact) 


Reir  differen- 
tial plnnlon 
shift  U (!) 


Brtko  cylinders 
100»  (11) 

Geir  bom* 


NC 


IfltsriMdlits 
differential 
plnnlon  shift 
1*  (!) 


Ink*  cyllndsrs 
40*  (II) 


Geir  boxes* 


Roman  numerals  refer  to  -erosion  clissss  is  dsflntd  In  text,  par.  5-4, 4. 1,3, 

+NC  « no  change  In  imount  of  corrosion  sines  previous  reporting  ported 

♦Seirs  In  gsir  boxes  were  hsivlly  stilnsd,  apparently  by  reactions  with  the  MIl-l-2105  lubrlcint 
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TABLE  E-7. 

RUSTING  IN  60%  RH  WAREHOUSE  STORAGE  (SO  mo)  (Rof.  10) 


I ten 

(type  of  preservation) 

Rusted  part 

Percent  of 
surface  rusted, 
* 

Rust 

classification 

SI leer » swat 
(domestic) 

Electric  motor 

20 

1 

SI leer,  neat 
(contact) 

Electric  motor 

20 

I 

i Engl no  cylinders 

70 

II 

Brake  cylinders 

60 

11 

Truck,  dump 
2-1/2- ton.  6x6 
(donestlc ) 

Water  pump 

100 

III 

Air  compressor  valves 

90 

III 

Gear  boxes* 

Truck,  dump 
2-1/2-ton,  6x6 
(contact) 

Water  pump 

20 

II 

Gear  boxes* 

Truck,  jeep 
1/4-ton,  4x4 
(domestic) 

Brake  cylinders 

20 

II 

Gear  boxes* 

Brake  cylinders 

20 

II 

Truck,  jeep 
l/4-ton,  4x4 
(contact) 

Water  pump 

70 

III 

Gear  boxes* 

•Gears  In  gear  box**  were  heavily  stained,  apparently  by  reactions  with  the 
MIL-l-2105  lubricant. 
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without  insulation  and  ventilation  have  been 
determined  by  the  U.S,  Army  Natick 
Laboratories  (Ref.  12).  Air  temperatures  and 
humidity  were  measured  inside  food  cartons, 
in  the  open  warehouse,  and  in  the  outside 
air,  both  under  normal  operating  conditions 
and  under  conditions  imposed  by  reflective 
ceiling  insulation  with  or  without  moderate 
forced  nighttime  ventilation, 

In  this  study  it  was  pointed  out  that  for 
sterile  degradation  the  logarithm  of  reaction 
rates  of  foods  in  cans  increases  in  an 
approximately  linear  relationship  with  the 
increase  in  storage  temperature,  It  is  pre- 
dicted that  a decrease  of  5 deg  P in  storage 
temperature  will  result  in  a 2 1 -percent 
increase  in  storage  life  while  a 10-deg  F 
decrease  will  tesult  in  a 47-percent  increase. 
Temperature  reduction  can  be  achieved 
either  by  constant  temperature  storage 
conditions  or  by  lowering  the  mean  tempera- 
ture of  material  stored  in  a fluctuating 
temperature  environment.  As  a result,  any 
lowering  of  warehouse  mean  temperature 
could  result  in , substantial  gains  in  storage 
life  of  canned  foods,  Pigs.  5-9  through  5-12 
show  the  menn  daily  warehouse  and  mean 
daily  minimum  outside  air  temperatures  for 
warehouses  located  at  Richmond,  Va., 
Schenectady,  N.Y.,  Fort  Worth,  Tex.  and 
the  Sharpe  Depot  in  the  San  Francisco  Bay 
area  of  California.  From  these  figures,  it  can 
be  seen  that  Urge  differences  occur  between 
the  mean  daily  temperature  of  warehouse  air 
at  the  15-ft  level  and  the  nighttime  mean 
daily  minimum  outside  temperature.  Table 
5-8  gives  two  indexes  of  the  mean  annual 
humidity  in  Army  warehouses. 

Two  bays  of  Warehouse  32  of  the 
Richmond  Quartermaster  Depot  were  used 
in  the  study.  The  study  consisted  basically 
of  three  parts: 

(1)  First,  it  was  planned  to  measure  the 
differential  between  temperatures  produced 
in  contrasting  bays  by  insulating  the  ceiling 
of  one  bay,  the  so-called  experimental  or 
ventilated  bay  (bay  B)  and  leaving  the 
control  bay  (bay  A)  unmodified. 


(2)  Second,  the  temperature  differential 
produced  by  manually  actuated,  forced 
ventilation  of  bay  B between  the  hours  of 
2000  and  0800  was  measured. 

(3)  Third,  the  temperature  differential 
produced  between  1700  and  0800  by 
automatically  actuated,  forced  ventilation  of 
bay  B with  improved  intake  areas  was 
measured. 

Fig.  5-13  shows  the  warehouse  air  temper- 
atures for  the  hottest  day  of  1956.  On  this 
diagram  the  ventilating  control  and  outside 
temperatures  were  given.  In  the  study,  the 
temperature  differential  produced  by  ventila- 
tion and  insulation  generally  are  low  and 
range  between  1 and  2 deg  F.  Table  5-9 
shows  the  temperature  differential  between 
the  top  carton  monthly  mean  air  tempera- 
ture in  a control  bay  versus  that  in  a 
ventilated  bay  for  selected  periods  of 
ventilation.  The  effect  of  insulation  is  also 
shown  In  the  mean  air  temperature  differen- 
tial value  of  1,85  deg  F for  the  period  April 
through  July  1956.  By  contrast,  the  maxi- 
mum effect  of  ventilation  is  shown  by  the 
difference  between  that  figure  and  4.25  deg 
F for  the  similar  period  in  1 957  when  both 
insulation  and  ventilation  were  operative. 
This  difference  is  2.4  deg  F, 

As  a result  of  this  study,  it  was  concluded 
that  the  greatest  yearly  temperature  differen- 
tial between  ventilated  and  nonventilated 
bays  produced  by  both  insulation  and 
ventilation  was  equivalent  to  only  an 
1 1-percent  difference  in  reaction  rute  or 
increase  in  storage  life  for  the  period  from 
May  1957  to  May  1958.  During  the  summer 
of  1957,  from  April  through  July  the 
differential  was  4.25  deg  F,  which  corre- 
sponds to  an  18-percent  difference  in 
reaction  rate  or  ar.  increase  in  storage  life  of 
18  percent  for  the  late  spring  and  early 
summer  months  It  was  concluded  that, 
although  the  temperature  inside  the  ware- 
houses can  be  reduced  by  ventilation  and 
insulation,  the  increase  in  storage  life  was 
not  sufficient  to  justify  the  cost  and 
inconvenience  of  modification. 


5-29 


TEMPERATURE 


AMCP7M-11I 


MONTH 

Figun&IO.  Wtathow*  Twnp#$tum,  Sctwcfdy  Dtpot  <R»f.  131 


5-31 


TEMPERATURE  Sf 


AMCP  70S-11S 


Mean  Monthly  Warehouse  Air  Temperature  at 
IS  Feet  Elevation 

Mean  Dally  Minimum  Ambient  Air  Temperature 


Large  low  wooden 
building  with  skylight 


J FMAMJ  J ASO  N 


MONTH 


Figure  6- 1 1,  Warehouse  Temperatures,  Ft  Worth  Depot  (Raf.  12) 
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TABLE  5-6, 

HUMIDITY  IN  A'  MY  WAREHOUSES  <R*I.  12) 


Relative  humidity,  * 

Vapor  pressure,  mm  Hg 

Belle  Meade 

80.9 

10.7 

Corozal 

79.3 

22.8 

Auburn 

70.3 

8.3 

Charlotte 

69.0 

12.9 

Ha  via  11 

67.3 

16.4 

Richmond 

67.0 

11.2 

Ft.  Worth 

66.5 

13.1 

Schenectady 

64.0 

5.1 

Kansas  City 

63.9 

9.8 

Columbus 

63.7 

8.4 

New  Cumberland 

63.4 

8.7 

Memphis 

62.9 

11.4 

San  Antonio 

62.6 

14.3 

Atlanta 

62.0 

10.9 

Cameron  Station 

61.3 

14.5 

Chicago 

56.0 

9.8 

Philadelphia 

55.0 

14.3 

Sharpe 

53.0 

9.3 

Jeffersonville 

51.0 

8.9 

Mira  Loma 

49.3 

9,1 

Ogden 

48.0 

6.4 

5-4.4.2  2 Temperature  Distribution  in  Desert 
Storage  Magazine*  The  storage  temperatures 
of  explosive  o a <nee  have  been  obtained 
from  Army  and  isavy  facilities  located  in  the 
desert  regions  of  the  Western  United  States 
(Ref.  13).  The  data  tabulated  included:  (1) 
the  number  of  measured  temperatures  ex- 
ceeding nominal  temperatures  for  each 
month.  (2)  tiie  average  maximum  and 
average  minimum  temperatures  for  each 
month,  and  (3)  the  standard  deviations  of 
the  maximum  and  minimum  temperatures 
for  each  month.  Data  on  temperatures 
exceeding  nominal  are  given  in  Table  5-10. 
and  average  maximum  and  minimum  temper- 
atures ate  given  for  various  sampling  periods 
in  Figs.  5-1. 4 through  5-1  ft. 

The  storage  magazines  at  Yuma  are 
different  from  iiiov  at  China  Lake  and 
Hawthorne,  and  the  temperature-measuring 
devices  were  located  at  different  points. 
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Titus,  accurate  comparison  of  the  China 
Lake  or  Hawthorne  data  to  the  Yuma  data 
is  difficult,  Analysis  indicated  that  if  these 
differences  had  not  existed,  the  temperatures 
at  Yuma  would  have  been  lower.  On  the 
assumption  that  these  data  are  representative 
for  all  desert  storage  magazines,  it  is 
concluded  that  the  temperature  of  stored 
ordnance  explosives,  propellants,  and  pyro- 
technics will  probably  never  exceed  120°F. 

Data  also  were  collected  at  Yuina  on  an 
above-ground  corrugated  steel  building  with- 
out insulation  and  an  outdoor  tarpaulin- 
covered  structure.  The  highest  temperatures 
recorded  were  I I0°F  for  the  steel  structure 
and  1 2 1 " 1 ; for  the  tarpaulin-covered  struc- 
ture. These  are  not  significantly  higher  than 
the  highest  magazine  temperature  recorded 
of  1 1 h°F. 


5-4  4.2.3  Temperature  Distribution  in  Tropi- 
cal Storage  Magazines  The  storage  tempera- 
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TABLE  6-8. 

EFFECT  OF  INSULATION  AND  VENTILATION  ON  WAREHOUSE  TEMPERATURE  (Ref.  12) 


Period 

(Inclusive) 

Treatment 

Temperature 
differential,* 
deg  F 

April  - July  1956  „ 

Reflective  Insulation 

1.85 

Sept  1956  - March  1957 

Manually  actuated  ventilation 

and  reflective  insulation 

1.42 

May  1957  - May  1958 

Autonvtlcally  actuated  venti- 
lation and  reflective 
Insulation 

2.75 

Sspt  1956  - March  1957** 

Manual  ventilation 

1.42 

Sspt  1957  - March  1958 

Automatic  ventilation 

1.88 

April  - July  1956 

Insulation 

1.85 

April  - July  1957 

Insulation  and  ventilation 

4.25 

Olffsrsntlal  between  tsmpsraturs  measured  In  top  csnttr  of  carton  of  an 
uninsulated  control  bay  In  warehouse  and  that  In  a similarly  placed 
carton  In  an  experimental  bay  In  the  same  warehouse  with  the  Indicated 
treatment 

January  1957  omitted  because  data  were  missing.  January  1958  omitted  to  give 
comparable  means. 


TABLE  5-10. 

TEMPERATURE  EXCEEDANCES  AT  DESERT  FACILITIES  (Rtf.  13) 


Storage 

Years* 

Nt 

Percentage  of  maximum  temperatures 
greater  than  or  equal  to 

lOCa l i on 

80'  F 

90' F 

100'F 

105‘F 

110'F 

IIB'F 

117°F 

China  Lake,  Calif. 

3 

22,387 

44.3 

17.8 

HI 

Bui 

1 

MptJISl 

1 

Hawthorne,  Nev. 

5 

33,881 

28.7 

0.1 

SSI 

1 

■ 

Yuma,  Ariz. 

Li , 

51.3 

33.3 

ESI 

EH 

'Length  of  time  in  complete  calendar  years 
tNumter  of  data  points  represented  in  the  sampling 


Hire  of  explosive  hazard  magazines  in  the 
tropical  zone  of  the  western  Pacific  also 
have  been  determined  (Ref.  14),  The  data 
were  accumulated  for  the  air  temperatures 
inside  the  storuge  magazines,  not  for  the 
actual  temperature  of  the  stored  ordnance. 


The  ordnance  temperature  lags  the  uir 
temperature  fluctuations  within  the  maga- 
zines. Table  5-11  summarizes  the  data  by 
location  and  magazine  type.  The  maximum 
air  temperature  recorded  in  the  non-earth- 
covcred-lype  shelter  occurred  in  the  maga- 
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Data  wara  unavailable  for  the  calendar  yaara 
1961  and  1962  and  for  Sapt  and  Oct  1965. 

Figure  5- 14.  Average  Maximum  and  Minimum  Storage 
Temperatures,  China  Lake,  Calif.  (Ref.  13) 


Figure  5- 15.  Average  Maximum  and  Minimum  Storage 
Temperatures,  Hawthorne,  Nev,  (Ref  13) 


Figure  5 ■ 16.  Average  Maximum  and  Minimum  Storage 
Temperatures,  Yuma  Proving  Ground,  Arii.  (Ref.  13) 

5-37 


u-snavi 


Length  of  tire  in  cornel ete  calendar  years 
Nurafcer  of  data  points  represented  in  the  saapling 


AMCF  700-lie 


zine  at  Subic  Bay,  Republic  of  the  Phil- 
ippines. This  temperature,  1 I0°F,  falls  signi- 
ficantly below  the  existing  storage  specifica- 
tion requirement  for  a maximum  tempera- 
ture of  165*F.  Thus,  it  was  concluded  that 
air  temperatures  encountered  in  explosive 
storage  magazines  located  in  the  Tropics  /ill 
probably  never  exceod  1 15*F. 

5-4.4. 2.4  Temperature  Distribution  in  Desert 
Food  Storage  Dumps.  Pita  on  temperatures 
in  food  storage  dumpr.  at  Yuma,  Ariz„  have 
been  reported  as  typical  of  desert  installa- 
tions (Ref.  15).  During  a -*3-day  summer 
period,  temperatures  were  observed  in  food 
storage  dumps  containing  cartons  of  C* 
rations  and  a few  caicons  of  Navy  survival 
food  packets  (abandon-ship  rrtion  cartons). 
The  C-rutions  were  arranged  in  stacks  and 
exposed  with  various  types  of  protection 
(Fig,  5-17). 

Yuma  has  a summer  climate  with  high 
temperatures  and  high  solar  radiation.  In 
addition,  in  July,  Yuma  normally  experi- 
ences a change  from  dry  to  a moderutely 
moist  airmass,  although  incoming  solar  irid 
sky  radiations  romuin  high.  Fig.  5-18  shows 
the  location  of  thermocouples  used  to  make 
the  temperature  measurements  in  the 
stacked  eartons.  Fig.  5-19  shows  the  location 
of  the  thermocouples  in  the  individual 
cartons. 

Fig  5-20  gives  temperature  data  for  an 
open  stuck,  Fig.  5-3 1 for  a raised  fly  stack, 
und  Fig.  5-22  for  a tight  tarpaulin  stack.  Fig. 
5-23  gives  similar  data  for  a raised  fly  with 
foil  stack.  The  open  stack  consisted  of 
unprotected  cartons  stackt.  on  u pallet.  The 
raised  ily  stack  is  a stack  of  rations 
protected  from  solar  radiation  by  a raised 
tarpaulin  permitting  ventilation  from  the 
sides  end  ends.  The  tight  tarpaulin  stack  is 
protected  by  a tarpaulin  that  is  lashed 
tightly  uround  the  stack  with  no  provision 
for  vent'lation.  Finally,  the  raised  fly  with 
foil  stack  is  similar  to  the  raised  fly  stack 
except  for  an  additional  foil  covering  over 
the  stack. 


In  Table  5-12  data  abstracted  from  these 
measurements  are  presented  showing  the 
absolute  maximum  surface  air  temperature 
in  a carton  for  the  various  storage  condi- 
tions. Table  5-13  gives  absolute  maximums, 
means,  and  standard  deviations  of  hourly 
temperatures  at  representative  interior  and 
exterior  positions  in  stacks  of  cartons  and 
survival  ration  cartons  for  the  total  period. 

Analysis  of  these  data  indicates  that  the 
highest  mean  temperatures  are  found  in  the 
air  of  the  top  center  carton.  However,  the 
top  southwest  corner  carton  air  reached 
greater  absolute  maximum  temperatures  as 
shown  in  Table  5-12  and  Figs.  5-17  through 
5-20,  Carton  air  temperatures  normally  were 
measured  within  one  of  the  six  ration 
packages;  however,  thermocouples  located 
outside  and  between  the  packages  showed 
higher  absolute  maximum  air  temperatures. 
Table  5-13  clearly  shows  that  the  stack 
covered  with  a tight  tarpaulin  had  the 
highest  mean  temperatures,  even  in  the 
bottom  center  carton.  The  other  three  stacks 
have  surprisingly  little  mean  temperature 
gradient  between  the  surface  and  Interior 
cartons.  Also,  little  difference  occurs  from 
stack  to  stack  at  comparable  positions  in 
each  of  the  three  types  of  stucks  other  than 
that  of  the  tight  tarpaulin-covered  stack.  The 
latter  had  a 10-deg  F gradient  of  mean 
temperature  between  top  center  und  bottom 
center  eartons,  compared  with  the  nearly 
is  Hherrnul  eonditions  of  the  other  stacks. 
Mean  temperatures  at  all  positions  listed  in 
Table  5-13,  except  those  in  the  tlpht 
tarpaulin-covered  stack  and  the  survlvul 
rations,  were  equal  to  or  lower  thun  meun 
outside  uir  temperature. 

Differences  between  temperatures  in  the 
dry  und  rnoist  periods  ure  given  in  Table 
5-14.  The  data  show  that  mean  storage 
temperatures  are  higher  in  moist  uir.  At  all 
thermocouple  positions,  a 3-  to  5-deg  F 
increase  in  temperature  occurred  in  spite  of 
the  fuel  that  solar  radiation  decreased.  This 
increase  in  storage  temperature  in  sunny  but 
humid  wee* her  is  attributed  to  the  reduction 
of  outgoing  longwave  radiation  at  night  by 
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I A Top  center  carton,  air 
I C Top  center  carton,  food 
II  A Carton  below  I,  air 
III  A Carton  In  diametric  center  of  stack,  air 
IV  A Center  bottom  carton,  air 

V A Canter  weet  face  carton,  air 

V C Center  west  face  carton,  food 

VI  A Top  center  carton,  air.outside  ration  package 
VII  A Upper  southwest  corner  carton,  air 

A -Thermocouple  in  ration  package,  air 
C -Thermocouple  in  can  in  ration  package,  food 

FtQurt  5 ■ 18  Location  of  Thermocouple  Positions  in  Stacked  Cartpns  (Ref.  15) 


\ 


J 

1 
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(All  measurements  ere  In  inches.) 


A.  Carton  air  thermocouple 

B.  Food  thermocouple 

C.  Ration  package 

Figure  5-19.  Test  Carton  Configuration  fRof,  14) 


the  increased  water  vapor  in  the  totul 
alrmass  column.  This  results  in  higher 
minimum  temperatures.  From  these  studies, 
it  is  concluded  that  summer  storage  heut 
stress  will  be  greater  in  areas  like  the  shores 
of  the  Red  Sec,  or  on  large  tropical  islands 
where  high  solar  radiation  is  combined  with 
high  atmospheric  humidity, 

5-4.4.2  5 Temperature  Distribution  In  a 
CON  EX  Container,  The  temperature  inside 
enclosed  shipping  containers  such  as  (no 
CONEX  was  monitored  to  develop  proce- 
dures lor  predicting  temperatures  In  such 
containers  (Ref.  16),  In  these  tests  a 
CONEX  container  was  left  standing  in  the 
sun  to  simulate  the  conditions  on  railroad 


sidings  or  in  temporary  storage.  Measure- 
ments were  made  at  the  Tropic  Test  Center 
in  the  Ft.  Clayton  area  of  the  Panama  Ce  .1 
Zone.  A meteorological  station  located  at 
the  test  site  recorded  solur  radiation,  air 
temperature,  relative  humidity,  average  wind- 
speed  and  direction,  and  rainfall.  During  the 
period  of  the  test,  daytime  temperatures 
were  in  the  high  HO’s  or  low  90\  and 
nighttime  temperatures  were  in  the  70‘s. 
Large  umounts  of  rain  fell  during  the  test, 
but,  during  the  morning,  skies  were  generally 
clear  with  development  of  partly  cloudy 
conditions  in  the  late  afternoon. 

The  container  was  located  in  a clear  area 
in  a shallow  ground  depression.  During  the 
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TEMPERATURE,  * f 

Figure  5-20.  Temperature  Data  for  Open  Stack  of  Cartons  in  Desert  Climate 

(Ref  IS) 


early  morning  a low  hill  approximately  Table  '>0  5 presents  the  maximum  values 

1,000  yd  to  the  east  blocked  the  sun  and  of  temperatures  recorded.  A peculiarity 

delayed  the  solar  radiation  heating  process  ruted  on  the  hottest  day  was  a series  of 

for  about  30  min.  The  door  of  the  CONEX  tempera  re  fluctuations  occurring  in  the 

container  faced  approximately  north,  and  early  af-ernoon  tesuiting  from  a rapidly 

eight  sensors  wore  placed  on  and  around  the  changing  cloud  cover  With  a 40-min  spun, 

container,  Fig  5-24  is  a line  drawing  the  roof  temperuture  dropped  40  deg  F,  rose 

indicating  the  locution  of  the  various  28  deg  F,  dropped  another  44  deg  F,  and 

temperature  sensors.  rose  again  40  deg  F.  These  variations  were 
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Figura  6-21,  Tamparatura  Data  for  Raiaad  Fly  Stack  of  Cartont  in  Doaart  Climata 

(Rtf.  IS I 


Climate  (Ref.  15} 
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Figure  5-23.  Temperature  Data  h Raised  Fly  With  Foil  Stack  of  Cartons  in 
Desert  Climate  I Ref.  151 


TABLE  5-12. 

ABSOLUTE  MAXIMUM  TEMPERATURES  IN  STACKED  CARTONS  IN  DESERT  CLIMATE  (Raf.  IS) 
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This  value  seems  atypical ly  high  and  is  suspect  since  the  thermocouple  may  have  been  touching  the  upper 
surface  of  the  C-Ration  carton,  which  was  directly  exposed  to  solar  radiation. 
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TABLE  6-13. 

TEMPERATURE  DATA  FOR  STACKED  CAR1~>NS  AND  RATIONS  UWf.  161 


Position 

Mean 

•F 

Standard 
deviation, 
deg  F 

Absolute 

maximum, 

•F 

Outside  air 

90.8 

9.4 

114 

Abandon  ship  ration. 

black  cover 

95.9 

17.7 

131 

Abandon  ship  ration, 

no  cover 

92.4 

15.9 

127 

Top  center  carton  air 

Open  stack 

90.2 

6.5 

109 

Raised  fly  stack 

89.1 

5.5 

104 

Tight  tarpaulin  stack 

100.2 

7.6 

118 

Raised  fly  with  foil  stack 

88.0 

4.0 

100 

Second  la/«r  center  carton  air 

Open  stack 

88.1 

4.4 

104 

Raised  fly  stack 

88.9 

3.7 

100 

Tight  tarpaulin  stack 

M 

M 

M 

Raised  fly  with  foil  stack 

87.7 

3.6 

97 

Stack  canter  carton  air 

Open  stack 

87.6 

3.8 

99 

Raised  fly  stack 

88.4 

3.5 

99 

Tight  tarpaulin  stack 

93.3 

3.3 

100 

Raised  fly  with  foil  stack 

87.6 

3.4 

96 

Botton  center  carton  air 

Open  stack 

87.1 

4.2 

99 

Raised  fly  stack 

87.2 

4.1 

99 

Tight  tarpaulin  stack 

90.1 

3.3 

98 

Raised  fly  with  foil  stack 

87.2 

3.8 

99 

M » missing  data. 


reflected  through"*  the  container,  but  with 
a lesser  degree  of  change.  On  this  same  day. 
the  highest  total  solar  radiation  was  also 
recorded.  The  maximum  temperature  re- 
corded for  the  roof  was  162°F,  for  the 
ambient  air,  95°  F,  and  For  the  center  of  the 
container,  1 10°F.  The  very  high  roof 
temperature  compared  to  the  ambient  air 
temperatures  V 'cates  the  significant  effect 
of  solar  radi'  .Ion  on  miterhl  stored  in 
closed  containers  in  the  open. 


Additional  duta  on  extreme  temperatures 
encountered  in  storage  or  transit  are  given  in 
Table  5-16. 

54.4.3  Food  Storage 

5-4.4.3.1  Storage  of  Conventionally  Pro - 
cessed  Rations,  Data  on  the  stability  of 
representative  types  of  Civil  Defense  shelter 
rations  including  cereal  items,  carbohydrate 
supplements,  and  their  packaging  materials 
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TABLE  5-14. 

STORAGE  MEAN  TEMPERATURE  CONTRAST  BETWEEN  DRY  ANO  MOIST  PERIODS  (Rtf.  15) 


Stack  and 
position 

Dry  period 
ending  11  July, 
°F 

Moist  period 
ending  3 Sept, 
#F 

Difference , 
deg  F 

Stack  cantor  carton  air 

Opan  stack 

86.0 

89.1 

3.1 

Ralsad  fly 

SC.  9 

89.7 

2.8 

Tight  tarpaulin 

90.9 

95.7 

4.8 

Raised  fly  with  foil 

85.8 

89.4 

3.6 

Botton  cantor  carton  air 

Opan  stack 

85.2 

88.8 

3.6 

Ralsad  fly 

85.2 

89,.  1 

3.9 

Tight  tarpaulin 

87.7 

92.4 

4.7 

Ralsad  fly  with  foil 

85.2 

89.2 

4.0 

Top  cantor  carton  air 

Opan  stack 

88.2 

92.0 

3.8 

Ralsad  fly 

87.0 

91.1 

4.1 

Tight  tarpaulin 

98.8 

101.5 

2.7 

Ralsad  fly  with  foil 
Sacond  layar  cantor  carton 

86.2 

air 

89.7 

3.5 

Opan  stack 

86.5 

89.7 

3.2 

Ralsad  fly 

87.3 

90.4 

3.1 

Tight  tarpaulin 

M 

M 

M 

Raised  fly  with  foil 

85.9 

89.6 

3.7 

Outside  air 

88.7 

92.7 

4.0 

Abandon  ship  ration 

Black  cover 

94.7 

97.1 

2.4 

No  cover 

90.1 

94.6 

4.5 

Tight  tarpaulin  stack 
Center  of  lower  surfaces 

of  tarpaulin  cover 

98.5 

101.4 

2.9 

M ■ Missing  data. 
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—ROOF 

—FAIT  WALL  (INI IBS) 
— tOUTH  wall 
— 4 la.  UKDIt  ROOF 

—xi  m.  odder  root 

—HUT  HALL 

—s«  la.  inn  aoor 


SURFACE  non  (( UTSIDI) 

surface  non  (imiot) 
au  TBMiAiuai  probe  (outside) 

AZ>  TWmATVU  PROBE  (XEEXDE) 


Figure  6-34.  Tamparatur a Sensor  Locations  in  tha  CON  EX 
Container  (Raf.  16 i 


TABU  8-15. 

MAXIMUM  TEMPERATURES  RECORDED  IN  CONEX  CONTAINER  IN  TROPICAL 

CLIMATE  (Rtf.  IB) 


Tlmi, 
hour 
of  day 


Locat1on/°F 

AJ1 

BJ1 

BJ2 

CJ1 

CJ2 

DJI 

DJ2 

ambient 

A02 

east 

south 

6 In.  under 

18  In.  under 

west 

36  In.  under 

air 

roof 

wall 

wall 

roof 

rojf 

wall 

roof 

1250 

93 

1430 

93 

1530 

fb* 

22  118*  126 

34  118*  127 

62*  111  135* 

45  107  122 

3j  106  118 


*Max1mum  temperature  recorded  by  proba. 
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are  available  (Ref.  17).  Rations  from  differ- 
ent procurement  lots  were  stored  for  up  to 
S yr  with  various  controlled  temperature  and 
humidity  conditions.  Storage  conditions 
ranged  from  0*  to  I00°f  and  with  57  and 
HO  percent  relative  humidities. 

Considering  packaging  observations  first, 
the  bursting  strength  o(  fiber  board  cartons 
was  reduced  by  storage  at  70s  and  100BF 
but  increased  by  storage  at  47°  and  0*F. 
Bursting  strength  was  not  significantly  corre- 
lated with  moisture  content  or  with  relative 
humidity  on  which  moisture  content  de- 
pends. The  general  condition  of  the  cartons 
was  satisfactory.  Although  the  bursting 
strength  at  high  temperatures  was  reduced, 
there  was  no  collapse  and  relatively  little 
distortion,  essentially  no  molding  or  delami- 
nation. only  moderate  staining,  and  practi- 
cally no  change  in  legibility  of  labels  or 
markings. 

Corrosion  of  metal  cans  increased  during 
the  fourth  and  fifth  years  of  storage  at  HO 
percent  relative  humidity.  Ten  to  20  percent 
of  the  external  surfaces  corroded  along 
seams  and  on  panels.  Internal  corrosion  was 
relatively  slight.  No  leaks  were  caused  by 
corrosion. 

Cereal  items  in  the  rations  were  in  good 
condition  with  moderate  change  in  texture 
us  a result  of  increased  toughness  or 
brittleness  at  higher  temperatures  and  with 
accept  a ble-to-good  aroma  und  flavor. 

Crackers  and  biscuits  stored  at  1 00°  F were 
well  below  the  specified  level  of  quulitv  for 
continued  storuge  but  wafers  had  changed 
relatively  little  during  the  storage. 

Carbohydrate  supplements  were  not  se- 
verely affected  by  storage  environment  but 
were  definitely  off-color.  However,  candy 
stored  at  I00"F  was  rated  moderately  good 
to  cat. 

Another  study  of  long-term  food  storuge 
was  conducted  on  a total  of  93  militury 
ration  items  more  than  26.000  cans  and 
86.000  flexible  packages  by  the  Quarter- 


master Food  and  Container  Institute  (Ref. 
18).  Forty-three  food  items,  mostly  confec- 
tions. were  stored  for  2 yr  while  50 
representative  bakery,  cereal  or  coffee, 
confection,  dairy,  meat  or  fish,  and  vege- 
table and  fruit  products  were  stored  for  7 
yr.  Storage  temperatures  varied  from  20°  to 
l00aF  with  SO  to  90  percent  relative 
humidity.  Both  tin  cans  and  flexible  con- 
tainers wen*  used.  The  most  outstanding 
result  from  this  experiment  was  the  extent 
by  which  the  storage  life  was  increased  at 
reduced  storage  temperatures.  Each  of  the 
qualities  appearance,  uroma,  color,  texture, 
flavor,  acidity,  drained  weight  (where  appli- 
cable). and  vitamins  of  all  products  re- 
sponded favorably  to  refrigeration.  For 
example,  the  storage  life  of  canned  pork 
steaks  was  estimated  at  approximately  20  yr 
for  0“  or  20°F.  15  yr  at  32*F.  7 yr  at 
47°F.  5 yr  at  70*F.  and  30  mo  at  100"F 
Corresponding  figures  for  chocolate  fudge 
bars  were  40  yr.  17  yr.  6 yr.  2 yr.  and  4 
mo.  The  estimated  percentages  of  the  rations 
that  would  remain  acceptable  for  various 
durations  and  temperatures  of  storage  are 
summarized  in  Table  5-17. 

Undesirable  changes  also  occurred  as  a 
result  of  the  freezing  and  thawing  of  some 
products.  Products  damaged  to  some  extent 
by  freezing  were  canned  beef  und  vegetables 
with  gravy,  bacon,  salad,  suusage  patties, 
ehieken  and  noodles,  frankfurters  with 
beans,  ground  meut  with  spaghetti,  pork  und 
gravy,  beefsteak,  tuna  and  noodles,  beans 
with  pork,  and  tomatoes.  Only  beans  and 
tomutocs  were  damaged  completely  beyond 
an  acceptable  grade. 

From  other  storage  studies  at  the  Quarter- 
master Food  and  Container  Institute,  il  has 
been  demonstrated  that  almost  all  canned 
and  dehydrated  foods  keep  well  ut  40°F  und 
in  many  instances  for  short  periods  at  70°F 
(Ref.  19).  At  lOO'F.  however  (a  tempcia- 
ture  often  reached  in  ordinary  warehouses), 
deterioration  is  rapid,  in  some  cases  occurring 
within  12  mo.  One  type  of  ration  was 
subjected  to  storage  for  2 yr  ut  70°  F and 
for  2 yr  at  I00°F.  At  the  end  of  1 yr  of 
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storage,  there  was  no  marked  difference  in 
the  rations.  At  the  end  of  2 yr  at  7QTF.  the 
ration  had  not  deteriorated  significantly,  but 
that  tored  for  2 yr  at  100*1-'  showed  such 
i extreme  deterioration  that  the  ration  was 

unacceptable  for  consumption.  Deterioration 
included  browning  of  cereal  bars,  giving 
them  a distinctly  mottled  appearance,  and  a 
black  tarry  appearance  of  tea  and  coffee 
products  (probably  caused  by  absorption  of 
moisture).  The  bouillon  powder  was  de- 
! scribed  as  being  simitar  to  charcoal,  gum 

pellets  had  become  cream-to-tan  in  color. 

! chocolate  bars  were  dry.  almost  powder). 

and  fruit  bars  had  a mottled  black  and 
brown  appearance.  Flavors  had  transferred 
from  one  item  to  another,  and  chemical 
analysis  disclosed  that  moisture  invasion  had 
occurred. 

Navy  survival  rations  have  been  subjected 
to  storage  for  3 mo  at  70°  F.  )0Q"F,  and 
I40*F.  Distinct  changes  were  observed  for 
those  stored  at  100*F  and  I40*F.  Deteriora- 
tion effects  included  the  inversion  of 
sucrose,  leakage  of  fats,  and  browning  of 
fruit  bars.  Indications  are  that  u majority  of 
survival  food  items  would  keep  in  good 
condition  for  n minimum  of  S yr  at  40* F. 

In  other  tests,  the  Quartermaster  Food 
and  Container  Institute  selected  35  canned 


and  15  flexible-p -ckaged  products  from 
Quarterns-  * :r  operational  rations  for  storage 
tests.  The  lowering  of  temperatures  again 
proved  most  effective  in  preventing  deterio- 
ration. For  example,  cereal  bars  reached  the 
limit  of  acceptability  when  stored  at  I00*F 
for  5 mo.  when  stored  at  70*  F for  14  mo. 
and  when  stored  at  - I0°F  for  40  mo.  Other 
foods  showed  similar  trends.  In  general, 
edible  components  remained  acceptable 
about  one-third  as  long  at  !00*F  as  at  70”  F. 
about  two  and  one-half  times  as  long  at 
I0*F  as  at  70°F.  and  about  six  times  longer 
at  IQ*F  than  at  I00°F.  Other  effects  noted 
were  that  migration  of  fats  was  prevented, 
the  interchange  of  moisture  and  corrosion  of 
interiors  of  cans  were  reduced,  and  insect 
damage  was  prevented  by  refrigerated  stor- 
age. 


Not  all  foods  deteriorate  at  the  same  rate 
under  a given  set  of  conditions.  This  poses  a 
problem  when  a ration  contains,  in  the  same 
package,  items  of  gooti  us  well  as  some  with 
poor  stability  because  of  the  possibility  that 
the  more  rapidly  deteriorating  items  will 
spoil  the  remainder.  Another  fuctoi  to  be 
considered  in  storage  of  rations  is  relative 
humidity.  Whenever  changes  in  temperature 
occur,  internal  redistribution  of  moisture 
must  be  possible  within  a package  as  well  as 
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exchange  with  the  moisture  content  of 
ambient  air  for  nonhcrmctic  packages. 

The  effect  of  freeze-thaw  cycling,  such  as 
can  occur  in  the  logistic  cycle,  on  the 
vitamin  content  of  prepared  food  in  pouches 
has  been  studied  (Ref.  20).  Tire  particular 
ration  studied  is  one  designed  to  simplify 
combat  feeding  by  the  use  of  convenience 
foods  It  is  composed  of  12  flex.ble- 
packaged  menus,  plus  two  alternative  menus, 
each  of  which  is  a complete  meal  and 
provides  at  least  1.200  calories  and  one-third 
of  the  daily  nutrient  requirement.  All  items 
are  packaged  in  Mylar-foil-polyethylene  lami- 
nated bugs  or  pouches.  Samples  were 
subjected  to  one.  three,  and  six  freeze-thaw 
cycles.  Vitamin  content  was  analyzed  prior 
to  and  after  cycling.  Test  results  showed 
that  nine  of  the  menus  significantly  de- 
creased in  vitamin  A und  carotene  44 
percent  and  2M  percent  destruction  of 
vitamin  A and  carotene,  respectively.  Initial 
content  of  reduced  ascorbic  acid  decreased 
one-fourth  after  one  cycle  and  one-half  after 
six  cycles.  For  most  menus,  the  thyuminc 
content  decreased  approximately  20  percent 
during  the  first  cycle,  and  no  further  Iom 
was  encountered.  Tile  vitamin  B*  content 
decreased  during  cycling  at  the  end  of  the 
third  cycle,  a 13-percent  reduction:  by  the 
end  of  the  sixth  cycle,  un  additional 
7-percent  loss. 

5-4.4. 3. 2 Storage  of  Specially  Processed 
Rations.  The  type  and  extent  of  deteriora- 
tive reactions  that  occur  in  precooked, 
freeze-dried  food  in  adverse  storage  environ- 
ments have  been  studied  (Ref.  21).  Freeze- 
dried  beef,  chicken,  carrots,  and  spinach 
were  employed  us  the  study  materiel.  The 
variables  monitored  were  residual  moisture 
level,  heudspuce  oxygen  concentration,  und 
duration  of  storage  at  elevated  temperature. 
Of  the  variables  studied,  exposure  to  oxygen 
appeared  to  be  the  most  significant  luctor  in 
degradation  of  freeze-dried  products  stored 
at  elevated  temperature. 

Since  freeze-dried  foods  are  extremely 
porous,  large  surface  areas  are  exposed  to 
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whatever  atmosphere  surrounds  them.  As  a 
result,  the  volume  and  composition  o.  the 
container  headspace  atmospheo'  'etermines 
the  extent  of  exposure  of  the  product 
during  storage.  The  container  headspace 
employed  in  this  investigation  varied  from 
70  to  W percent  of  the  total  volume  of  the 
container.  The  substantial  volume,  coupled 
with  large  surface  areu  of  the  dried  food 
products,  provides  un  appreciable  exposure 
of  these  products  to  oxygen,  even  with  a 
moderately  low  oxygen  partial  pressure.  As  a 
result,  oxidation  cun  proceed  at  a rapid  rate, 
unhampered  by  penetrutlon  barriers. 

Another  means  by  which  oxidative  dum- 
uge  can  occur  to  freeze-dried  products  is 
exposure  to  air  during  the  interval  between 
removal  of  the  product  from  the  freeze 
dryer  und  sealing  in  the  package  container. 
Molecular  oxygen  is  rapidly  und  tightly 
bound  by  these  products  und  is  desorbed 
slowly,  if  ut  all,  during  storage.  The  test 
conditions  in  this  study  were  such  that  the 
relative  effects  of  prepuckuging  uir  exposure 
und  storage  atmosphere  could  not  be 
differentiated.  Packages  were  sealed  with  2. 
4.  and  20  percent  oxygen  atmospheres  und 
stored  at  temperature  of  IOO°F  for  a 6-mo 
period.  Considering  the  freeze-dried  beef 
only,  the  items  stored  under  2 percent  initial 
oxygen  atmosphere  were  considered  accept- 
able for  use  after  storage.  Although  some  of 
the  other  products  tested  were  not  com- 
pletely unusable  when  stored  for  6 mo  with 
higher  oxygen  concentration,  the  quality  of 
the  product  wus  significantly  better  with  a 
lower  oxygen  concentration. 

Moisture  wus  the  second  most  significant 
parameter  monitored  in  this  series  of  tests. 
Generally,  the  lower  residual  moisture  levels 
yielded  better  products  ut  the  end  of  the 
storuge  period. 

in  unother  study,  the  effect  of  storage 
temperature  on  dehydrated  lima  beuns  was 
examined  (Ref.  22).  In  these  tests  dehy- 
drated lima  beuns  that  hud  been  prepared 
for  storage  using  different  techniques  were 
subjected  to  various  temperatures  of  storage: 
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40* F,  70°F,  and  100  F,  Results  indicated 
that  storage  temperatures  significantly  affect 
the  texture  regardless  of  preparation  meth- 
od. Lima  beans  stored  at  10O*F  exhibited  a 
tougher  texture  than  those  stored  at  40*  F or 
70*F. 


5-4.5  PRACTICAL  CONSIDERATIONS  ON 
ENVIRONMENTAL  STORAGE  OF 
SUBSISTENCE  AND  EXPENDABLE 
ITEMS 

TM  10-250-a  manual  on  storage  of 
supplies-discusses  the  storage  of  materiel 
(including  items  of  materiel  unusually  sus- 
ceptible to  attack  by  environmental  factors), 
the  identification  of  environmental  factors 
considered  most  likely  to  cause  deterioration 
of  susceptible  items,  and  aome  practical 
general  observations  on  storage  of  materiel 
(Ref.  23).  A summary  of  these  observations 
is  given. 

When  materiel  is  placed  in  storage,  the 
following  practices  should  be  observed  for 
its  care  and  preservation: 

(1)  All  supplies  should  be  protected  from 
damage  by  moisture,  extreme  changes  in 
temperature,  vermin,  and  rodents. 

(2)  Proper  ventilation  should  be  main- 
tained at  all  times. 

(3)  Good  housekeeping  practices  should 
be  used  to  insure  order  and  cleanliness. 

(4)  Periodic  inspections  should  be  made 
of  all  supplies  in  storage. 

The  mgjor  causes  of  damage  or  deteriora- 
tion of  subsistence  during  storage  periods  are 
improper  handling,  insects  and  rodents, 
bacteria,  molds,  temperature,  moisture,  and 
foreign  odors.  Molds  are  especially  prevalent 
in  dried  fruits  and  vegetables:  preserved 
fruits;  jams,  jellies,  and  syrups;  seeds,  grain, 
and  cereal  products;  sauerkraut;  pickles; 
catsup;  and  sausage.  Some  subsistence  items, 
particularly  cereal  and  dairy  products,  are 


susceptible  to  absorption  of  odors  from  oil. 
paint,  naphthalene,  and  similar  products. 

The  causes  of  spoilage  in  canned  foods  are 
the  same  as  for  fresh  foods;  mainly  microbes 
(which  include  bacteria,  molds,  and  yeast), 
chemical  reactions,  and  physical  damage.  In 
some  instances,  only  one  factor  is  the  cause, 
but  more  frequently  spoilage  occurs  as  the 
result  of  a combination  of  these  conditions. 

Wool  and  mixed  wool  clothing  in  storage 
must  be  protected  from  damage  by  moths. 
The  methods  of  protecting  clothing  include: 

(1)  Initial  treatment  of  such  clothing  with 
mothicide  or  insecticide  by  the  manufacturer 
with  additional  treatment  at  the  depot  when 
the  clothing  Is  repacked  or  baled 

(2)  Use  of  mothicide  or  insecticide  in  the 
bins  of  a loose  issue  room  to  protect 
unpackaged  clothing 

(3)  Periodic  spot  checking  of  wool  or 
mixed  wool  items,  particularly  during  the 
summer  months 

(4)  Items  susceptible  to  insect  infestations 
should  be  fumigated.  Mildew  (fungous  at- 
tack) is  another  means  of  damage  that 
develops  on  clothing  stored  in  a warm,  moist 
climate.  When  sufficient  moisture  and 
warmth  ore  present,  mildew  will  grow  and 
spread  very  rapidly  within  a period  of  a few 
hours.  It  first  appears  as  brown,  black, 
green,  or  gray  patches.  These  patches  then 
become  dense,  developing  powdery  spores 
which  spread  and  start  new  growth. 

The  mgjor  cause  of  damage  to  equipment 
items  in  storage  is  moisture.  Clean,  dry, 
well-ventilated  storage  will  assist  greatly  in 
the  preservation  of  equipage  items  for  long 
periods  of  time.  The  following  items  should 
be  given  particular  attention,  however: 

(1)  Lockers,  subject  to  warpage  when 
exposed  to  moisture 

(2)  Brass  musical  instruments,  susceptible 
to  corrosion  by  moisture 
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(3)  Canvas,  subject  to  mildew  in  a warm, 
moist  climate 

(4)  Leather  goods,  subject  to  becoming 
moldy  or  excessively  dry  unless  properly 
stored  and  cared  lor 

(5)  Metal  products,  subject  to  rust  and 
corrosion  when  exposed  to  moisture 

(6)  Rubber  goods 

(7)  Silk  flags 

(81  Tent  pins  and  poles  (untreated  wood), 
subject  to  rot  if  not  protected  from 
moisture  by  dry  storage 

(9)  Webbed  equipment,  subject  to  mildew 

(10)  Woodwind  musical  instruments,  sub- 
ject to  splitting  and  corrosion  by  moisture. 

When  placing  items  in  shed  storage, 
supplies  that  are  less  subject  to  damage  from 
the  elements  should  be  stored  in  the  outer 
shed  area.  When  necessary,  tarpaulins  or 
other  coverings  should  be  used  to  protect 
items  in  outer  shed  areas.  Because  of  the 
lack  of  full  protection  against  the  weuther. 
items  in  shed  storages  should  be  inspected 
periodically  for  corrosion  and  deterioration. 

Dunnugc  or  pallets  must  be  used  to 
protect  all  stock  placed  in  open  storage.  If 
the  storage  area  is  unsurfaced,  6 in.  of 
dunnage  should  be  placed  between  the 
ground  and  the  first  tier.  All  items  requiring 
tarpaulins  must  be  covered  as  soon  as  the 
stack  is  completed,  and  the  tarpaulins  should 
be  fastened  securely  to  prevent  shifting  and 
tearing  when  the  wind  blows. 

A number  of  supplies  require  special 
consideration  because  of  low  ignition  tem- 
peruture;  poisonous  nature;  or  susceptibility 
to  corrosion,  contamination,  spontaneous 
ignition,  or  decomposition.  These  hazardous 
commodities  include  acids,  brooms,  candles, 
liquid  and  rubber  cement,  textile  preserva- 
tive compounds,  gasoline,  kerosene,  insecti- 


cides with  kerosene  bases,  cleaning  solvents, 
diesel  fuel,  lubricating  oils,  gear  lubricants, 
cleaning  fluids,  duplicating  fluids,  alcohol, 
ration  heating  fuel,  methanol  (wood  alco- 
hol), chlorinated  lime.  lye.  lumber,  matches, 
methyl  bromine,  naphthalene,  paint,  varnish, 
lacquer,  enamel,  shellac  thinner,  fumigant 
dust,  and  rodenticidc. 

5- 6  TRANSPORTATION  ENVIRONMENT 

6- 5.1  AVAILABLE  TRANSPORTATION 

8ERVICES 

Everything  that  sustains  the  activities  of  a 
logistic  system  and  the  organizations  it 
supports  flows  through  the  transportation 
system.  Transportation  services  create  place- 
utility  (by  moving  an  item  from  an  area 
where  it  has  little  value  to  another  where  it 
is  useful)  and  time-utility  (by  insuring  an 
item  is  at  a given  place  at  the  time  it  is 
needed).  All  modes  of  transportation -air. 
motor,  rail,  water,  und  expedient  methods 
can  be  and  are  used  to  transport  personnel 
and  cargo.  Each  has  certain  inherent  capabil- 
ities and  limitations  (Ref.  2). 

Motor  transportation  is  u flexible,  versatile 
mode  of  transportation.  For  many  loads  in 
muny  areas  of  the  continental  United  States 
und  of  the  world,  motor  transport  is  the 
only  possibility.  Materiel  environmental  re- 
quirements and  putli  of  movement  restric- 
tions may  impose  overriding  limitations  on 
the  use  of  motor  vehicles.  For  example,  the 
loaded  weight  may  be  within  vehicle  gross 
loud  limits,  but  axle  und  wheel  loads  muy 
preclude  movement  by  certain  routes.  The 
runge  of  shock  and  vibration  values  en- 
countered during  off-road  movement  may  be 
u limiting  factor  for  truck  movement. 
General  purpose  military  vehicles  are  de- 
signed to  withstand  the  severe  shocks  of 
off-road  movement,  but  the  soft  ride 
required  for  sensitive  materials  such  us  some 
missile  system  components  cannot  be  ob- 
tained from  the  suspension  system  of 
military  vehicles.  Movement  of  such  items 
by  truck,  therefore,  may  require  special 
cushioning  und  packing  techniques  such  us 
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inflated  rubber  dunnage,  nylon  webbing,  or 
•imilar  material.  Weather  conditions,  types 
of  road  surface,  load  capacities,  and  dimen- 
sions of  bridges,  tunnels,  and  underpasses 
provide  other  limitations  of  motor  vehicle 
movement. 

Rail  transport  is  characterized  by  a 
capability  for  moving  large  tonnages  of  cargo 
and  large  numbers  of  personnel  over  long 
distances  at  higher  speeds  than  can  be 
obtained  with  inland  waterways  or  motor 
transport.  Of  all  the  transport  modes,  rail 
transport  is  least  affected  by  adverse  weather 
but  is  less  flexible  than  other  modes  because 
of  its  dependence  on  a fixed  roadbed. 

Ocean  surface  transport  is  characterized 
by  flexibility,  low  cost,  high  tonnages,  and 
wide  availability.  Limitations  on  ships  may 
include  the  necessity  of  special  handling 
procedures  for  some  items  of  dangerous 
cargo;  restrictive  hatch  openings;  a lack  of 
adequate  bracing,  shoring,  lashing,  or  special 
cargo  tiedown  equipment;  a possibility  that 
over-the-beach  discharge  may  be  required; 
and  other  factois  such  as  customs  require- 
ments, port  restrictions,  and  beach  or  port 
clearance  limitations. 

Inland  waterway  systems  can  also  trans- 
port great  quantities  of  cargo  and  cun  move 
heavy  and  outsized  cargo  not  easily  trans- 
ported by  other  modes.  Disadvantages  of 
inland  waterway  transport  include  slow 
speed  and,  in  the  combat  zone,  vulnerability 
to  weather  and  enemy  action  plus  difficulty 
in  repairing  damage  to  facilities  such  as 
docks  and  piers. 

The  advantages  of  airlift  lie  in  its  speed 
and  security  of  movement,  straight-line 
travel,  and  the  avoidance  of  congested  roads 
and  terrain  obstacles.  Factors  affecting  the 
use  of  air  transportation  include  weather 
conditions,  the  range  and  carrying  capacity 
of  aircraft,  the  availability  of  landing 
facilities,  the  degree  of  air  superiority 
obtained  by  friendly  forces,  and  cost.  Of 
these  factors,  weather  presents  the  most 
unpredictable  hazards  in  the  use  of  air 
transport. 


Pipelines  are  the  preferred  mode  for 
moving  bulk  fluids.  Pipelines  have  the 
advantages  of  dependability,  high  volume 
capability,  and  minimum  susceptibility  to 
enemy  action  if  concealed.  Other  leas 
conventional  modes  of  transportation  in- 
clude overland  conveyor  belts  that  can  be 
used  for  bulk  commodities  such  as  coal  and 
ore,  surface-effect  vehicles  (air-cushion  vehi- 
cles) that  can  move  over  water  and  swampy 
terrain,  and  animal  transport. 

5-B.2  TRANSPORTATION  POLICY 

5-5.2.1  Ganaral 

The  transportation  environment  experi- 
enced by  materiel  differs,  depending  upon 
the  mode  of  transportation,  The  variation  in 
kind  and  severity  of  environmental  factors 
among  the  various  modes  ot  transportation 
can  be  significant.  As  a result,  whatever 
affects  the  choice  of  transportation  mode 
also  affects  the  transportation  environment 
to  which  the  materiel  will  be  subjected.  In 
many  cases  the  environment  experienced  by 
materiel  in  transport  is  influenced  by 
regulations  designed  to  standardize  shipping 
and  transportation  procedures,  to  formulate 
military  policy  with  respect  to  commercial 
transportation  systems,  und  to  safeguard 
cargo  and  prevent  hazards  to  ither  cargo 
and  personnel  during  transport. 

Since  choice  of  the  mode  of  transporta- 
tion for  military  materiel  is  determined  by 
national  transportation  policy  und  since  the 
transportation  environment  is  affected  in- 
directly by  the  regulations  and  codes  that 
have  jurisdiction  over  interstate  commerce,  It 
is  pertinent  to  consider  these  aspects  of  the 
transportation  system  whenever  attention  is 
focused  on  the  transportation  environment. 
In  the  paragraphs  that  follow,  the  agencies 
within  the  United  States  that  preseribe 
transportation  policies  are  reviewed  briefly, 
and  illustrative  examples  of  codes  regulating 
transportation  are  given.  National  transporta- 
tion policy  with  respect  to  the  military 
materiel  und  personnel  within  the  contin- 
ental United  States  is  outlined,  along  with 
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the  military  common  user  transportation 
agencies  and  their  functions.  Finally,  a 
discussion  of  major  environmental  hazards 
encountered  during  transportation  is  given. 

5-S.2.2  Agenda*  Prescribing  Transportation 
Polio  las 

Within  the  continental  United  States, 
military  freight  shipments  normally  are  made 
by  commercial  carriers  in  accordance  with 
the  directives  and  policies  of  appropriate 
regulatory  agencies- Federal,  State,  or  local 
(Ref.  24).  Departments  and  agencies  of  .he 
U S Government  formulate  and  prescribe 
interstate  commerce  regulations  pertinent  to 
the  carriers  under  their  respective  jurisdic- 
tions. Such  regulations  are  published  in 
permanent  form  in  the  Code  of  Federal 
Regulations  (CFR)  (Ref.  25).  Amendments 
to  the  CFR  are  compiled  and  published 
annually  as  a pocket  supplement  to  the  basic 
CFR.  These  regulations  are  mandatory  for 
many  commercial  carriers  (including  carriers 
of  explosives  and  other  dangerous  articles) 
and  are  made  applicable  to  military  trans- 
portation activities  by  Military  Traffic  Man • 
•nent  Regulations  AR  55*355.  par. 

>02  (Ref.  26).  Intrastate  regulations  are 
prescribed  by  State  and  local  agencies.  The 
object  of  these  multiple  safeguards  is  the 
protection  of  life  and  property  and  the 
prevention  of  damage  to  the  national 
transportation  system  and  facilities.  If  mili- 
tary necessity  requires  departure  from  estab- 
lished regulations,  waivers  may  be  obtained 
as  outlined  in  AR  55-355. 

The  authority  of  the  Federal  regulatory 
agencies  is  derived  from  laws  such  as  the 
Interstate  Commerce  Act,  which  gives  the 
Interstate  Commerce  Commission  (ICC)  Ju- 
risdiction over  surface  transportation  by 
motor,  rail,  and  waterways  within  the 
continental  United  States  and  the  Civil 
Aeronautics  Act,  which  regulates  air  trans- 
portation by  commercial  carriers.  The  Dan- 
gerous Cargo  Act  of  1940  authorizes  US 
Coast  Guard  regulation  of  movement  of 
explosives  and  other  dangerous  articles  by 
vessel.  Other  laws,  such  as  the  Transporta- 


tion of  Explosives  Act  and  its  subsequent 
amendments,  cover  specific  matters. 

Many  manuals  and  regulations  provide 
guidance  for  shippers  and  transportation 
officers.  For  example,  the  principal  military 
one.  AR  55-355,  Military  Traffic  Manage- 
ment R agi  tations  contains  the  general  re- 
quirements for  the  transportation  of  military 
goods  and  implementation  of  ICC  and  other 
regulatory  body  directives  (Ref.  26).  Guid- 
ance on  many  specific  items  is  provided  by 
Technical  Manuals  of  the  9-39  series  which 
contain  detailed  procedures  for  loading  and 
storing  of  special  weapons,  and  for  shipping 
containers  in  aircraft,  trucks,  railway  cars, 
an.  naval  vessels. 


The  transportation  procedures  for  nuclear 
weapons  materiel  in  the  Defense  Atomic 
Support  Agency  supply  system  are  published 
in  TM  39-100-5  Nuclear  Weapons  Materiel 
Shipping  Guide  (Ref,  27).  The  Atomic 
Energy  Commission  (AEC)  prescribes  rules 
and  regulations  governing  the  use.  handling, 
transportation,  and  storage  of  nuclear  mate- 
rial (radioactive  materials  that  arc  fission- 
able). The  AEC  policies  and  regulations 
applicable  to  transportation  of  classified 
materials  are  contained  in  the  AEC  publica- 
tions and  in  the  Code  of  Federal  Regula- 
tions. Pertinent  CFR  references  include  10 
CFR  20,  Standards  for  Protection  Against 
Radiation:  10  CFR  70.  Special  Nuclear 
Material:  und  10  CFR  71,  Packaging  of 
Radioactive  Material  for  Transport  (Refs. 
28,29.30). 

The  commandant  of  the  U S Coast  Guard 
establishes  and  enforces  regulations  applying 
to  safety,  transportation,  and  storage  of 
explosives  and  other  dangerous  articles 
(including  radioactive  materials)  aboard  all 
vessels,  domestic  or  foreign  (except  public 
vessels  not  engaged  In  commercial  service) 
operating  Into  or  from  U S ports  and  on 
inland  waterways.  These  regulations  arc 
embodied  in  46  CFR  146.29-1  to 
146.29-100  (Ref.  31), 
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The  transportation  of  explosives  and  other 
dangerous  articles  including  radioactive  mate- 
rials by  aircraft  in  the  United  States  is 
regulated  by  the  Federal  Aviation  Agency 
under  its  Federal  Aviation  Regulations 
(FAR)  published  as  14  I'FR  103.  Transpor- 
tation of  Dangerous  Articles  and  Magnetized 
Materials  (Ref.  32). 

The  Interstate  Commerce  Commission  is 
responsible  under  the  provisions  of  the 
Transportation  of  Explosives  Act  (IH  USC: 
H31-835)  for  regulating  the  safe  transporta- 
tion within  the  United  States  of  explosives 
and  other  dangerous  articles  (Ref.  33).  These 
regulations  are  applicable  to  such  shipments 
moving  by  surface  in  interstate  commerce  by 
common  surface  carriers:  ruil  freight,  rail 
express,  rail  baggage,  highway,  or  water. 

Tile  Association  of  American  Railroads 
(AAR),  an  organization  of  the  commercial 
rail  carriers  of  the  United  States,  is  not  a 
regulatory  body  per  sc  but  exercises  such 
jurisdiction  over  its  members.  Tile  AAR 
publishes  rules  governing  the  loading  of 
various  commodities  in  open  and  closed  cars. 
Compliance  with  these  rules  is  requested  for 
all  shippers  of  freight  by  member  railroads 
otherwise,  freight  cars  will  not  be  accepted 
for  movement. 

The  American  Trucking  Association 
(ATA)  is  an  organization  composed  of  the 
principal  motor  transport  common  carriers 
within  the  continental  United  States.  The 
AT<v  is  not  a regulatory  agency,  being 
somewhat  similar  to  the  AAR  in  purpose.  It 
publishes  tariffs  containing  iCC  legulations 
for  the  transportation  of  explosives  and 
other  dangerous  articles  by  motor  carriers. 
These1  tariffs  are  guides  for  all  participating 
motor  carriers  and  the  shippers  who  use 
them.  The  ATA  publishes  a chart  containing, 
by  State,  a table  of  allowable  highway  loads 
and  a table  of  vehicle  height,  length,  and 
width  limitations. 

TM  55-602.  Movement  of  Special  Freight. 
defines  the  term,  "special  freight  shipment' 
to  include  all  commodities  that  by  their  very 


composition  are  inherently  dangerous  or 
difficult  to  handle  or  transport  (Ref.  24). 
This  broad  terminology  includes  acids  and 
other  corrosive  liquids,  munitions,  com- 
pressed gases,  explosives.  Hummable  liquids, 
Hummable  solids,  oxidizing  materials,  poison- 
ous articles,  nuclear  weapon  materials,  radio- 
active materials  or  waste,  and  other  items 
requiring  special  attention  in  processing  due 
to  transportability  factors.  It  also  includes 
oversize  and  overweight  articles, 


6-5. 2.3  National  Tramportation  Policy 

All  areas  of  the  continental  United  States 
are  served  by  commercial  transportation 
systems  from  one  or  more  of  the  modes. 
Generally,  air  and  surface  transportation 
systems  are  a combination  that  can  reach  any 
desired  destination.  Water  transport,  of 
course,  is  limited  to  ureas  adjacent  to  the 
coasts  and  the  canals,  lakes,  and  rivers  of 
inland  waterway  networks.  National  trans- 
portation policy  prescribes  that  commercial 
transportation  services  will  be  employed  by 
the  military  departments  for  the  movement  of 
personnel  and  materiel  between  points  within 
the  United  States  when  such  service  is 
available  or  readily  obtainable  and  satisfactor- 
ily capable  of  meeting  military  requirements. 
Military-owned  transportation  such  as  motor 
vehicles,  military  air  transport  service,  or 
other  military  aircraft  may  be  used  when  the 
urgency  of  military  necessity  requires.  How- 
ever, the  Department  of  Defense  traffic 
management  policy  as  outlined  in  AR  55-355 
states  that  military-owned  transportation  will 
not  be  employed  in  such  a manner  us  to  affect 
adversely  the  economic  well-being  of  the 
commercial  transportation  industry  (Ref.  2b), 
All  modes  of  transportation  must  receive 
equal  consideration  services,  The  mode 
selected  will  be  that  which  produces  the 
lowest  overall  cost  consistent  with  military 
requirements,  contingent  upon  the  currier’s 
ability  to  provide  the  desired  transportation 
service  in  a safe,  adequate,  and  efficient 
munner. 
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B-5.2.4  Military  Common  Uwr  Transporta- 
tion Agencies 

Single-service  managers  are  designated  for 
operation  of  modes  of  transportation  com- 
mon to  the  services  (Ref.  2).  These  common 
modes  are  airlift,  sea  transportation,  and 
continental  U S surface  transportation. 

The  Military  Traffic  Management  and 
Terminal  Service,  operated  by  the  Army,  is 
the  single-service  manager  for  surface  trans- 
portation and  the  operation  of  ocean 
terminals  in  the  continental  United  States. 
1110  Military  Airlift  Command  operated  by 
the  Air  Force  is  the  single  manager  for  airlift 
service.  The  wartime  mission  of  the  com- 
mand is  to  provide  air  transport  forces, 
specialized  technical  services,  in-route  sup- 
port, and  air  routes  to  meet  emergency 
requirements  of  the  Department  of  Defense. 
The  Military  Sea-Transportation  Service 
operated  by  the  Navy  is  a single-manager 
operating  agenev  for  sealift  services.  The 
major  portion  of  the  passenger  sealift 
requirement  is  transported  on  Military  Sea 
Transportation  Service  passenger  vehicles. 
The  bulk  of  the  cargo,  however,  is  trans- 
ported in  commercial  ships  that  are  char- 
tered by  the  Military  Sea  Transportation 
Service  In  addition,  the  Air  Force  Strike 
Command  has  an  organic  strategic  airlift 
capability  that  is  used  to  provide  assault 
airlift. 

5-5.2.S  Most  Savers  Environmental  Factors 
During  Transportation 

The  most  severe  environmental  factors 
encountered  by  packaged  items  during  trans- 
portation arc  shock  and  vibration.  Because 
of  the  severity  of  shocks  and  vibrations  to 
cargo  induced  by  the  transportation  environ- 
ment, the  miyority  of  military  cargoes 
require  packaging  or  cushioning  for  shock 
and  vibration  attenuation.  Ol  all  the  trans- 
portation environments  encountered  involv 
ing  shock  or  vibration,  the  most  extreme 
(with  a possible  exception  of  airdrop)  are 
rail  impacts  that  occur  during  switching, 
highway  transport  on  unpaved  roads  that  are 
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nearly  impassable,  and  terminal  hundling 
such  as  corner  drops  on  a hard  surface  of 
12-in.  height  for  cargoes  over  2.000  lb  (Ref. 
34). 

For  detailed  information  on  shock  and 
vibration  effect*  and  fundamentals,  the 
reader  is  referred  to  Chap.  4,  “Violation”, 
and  Chap.  6.  "Shock”,  in  Part  Three. 
Induced  Environmental  Factors,  of  this 
Environmental  Series  of  Engineering  Design 
Handbooks  (Ref.  35). 

5-6.3  MOTOR  TRANSPORT 

5-6.3. 1 Type*  of  Motor  Trw  sport  (touts* 

Many  of  the  problems  associated  with 
environment  in  the  use  of  motor  transporta- 
tion involve  the  type  of  roadway  on  which 
the  motor  vehicle  must  operate.  Routes  are 
classified  according  to  their  ability  to 
withstand  the  effects  of  weather  (Ref.  36). 
Route  type  in  any  given  delivery  or 
transportation  mission  is  determined  by  the 
worst  section  of  the  route.  Routes  as 
classified  by  type  ure: 

(1)  Type  X.  All-weather  route  is  any 
route  that,  with  reasonable  maintenance,  is 
passable,  throughout  the  year  for  traffic 
densities  never  appreciably  less  than  maxi- 
mum capacity.  The  roads  that  form  this 
type  of  route  normally  have  waterproof 
surfaces  and  are  affected  only  slightly  by 
precipitation  or  temperature  fluctuations.  At 
no  time  is  the  route  closed  to  traffic  by 
weather  effects  other  than  temporary  snow 
or  flood  blockage. 

(2)  Type  Y All-weather  route  (limited 
traffic  due  to  weather)  is  any  route  that 
with  reasonable  maintenance  am  be  kept 
open  in  all  weather  but  sometimes  only  at 
traffic  densities  considerably  less  than  maxi- 
mum capacity.  The  roads  that  form  this 
type  of  route  usually  do  not  have  water- 
proof surfaces  and  are  affected  considerably 
by  precipitation  or  temperature  fluctuations. 
Traffic  may  be  halted  completely  for  short 
periods.  Heavy,  unrestricted  use  during 
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adverse  weather  may  cause  complete  collapse 
of  the  surface. 

(3)  Type  Z.  Fair-weather  route  is  any 
road  or  route  that  quickly  becomes  impass- 
able in  adverse  weather  and  cannot  be  kept 
open  by  maintenance  short  of  major  con- 
struction. This  category  of  route  is  affected 
so  seriously  by  weather  that  traffic  may  be 
brought  to  a halt  for  long  periods. 

Other  obstructions  and  restrictions  that 
occur  on  various  routes  include  weight  and 
lane  limitations  on  bridges:  overhead  ob- 
structions such  as  bridges,  tunnels,  under- 
passes, overhead  wires,  and  overhanging 
buildings;  reduction  in  width  of  route  as  a 
result  of  bridges,  tunnels,  craters,  lanes 
through  mined  areas,  and  projecting  build- 
ings or  rubble:  gradients  or  slopes  of  7 
percent  or  greater:  curves  whose  radius  of 
curvature  are  less  than  100  ft;  and  ferries 
and  fords. 

5-B.3.2  Advantages  of  Motor  Transportation 

Transportation  by  motor  truck  enables 
the  shipment  in  most  instances  to  take  place 
directly  from  point  to  point  with  little  or  no 
interchange  of  freight  between  carriers.  It 
not  only  results  in  fast  and  convenient 
service,  but  also  reduces  the  possibility  of 
loss  or  damage  resulting  from  repeated 
loading  and  unloading.  The  motor  truck, 
moving  as  an  independent  unit  and  therefore 
not  being  subject  to  the  rigors  of  coupling 
and  hooking  as  are  rail  cars,  permit  less 
costly  expenditures  for  loading  and  unload- 
ing. packing,  dunnage,  and  bracing.  The  fact 
that  trucks  are  not  loaded  as  heavily  as  rail 
cars  also  contributes  to  the  existence  of  less 
stringent  and  less  costly  packing  require- 
ments. Motor  freight  is  rapid  for  a compara- 
bly short  distance  because  of  the  directness 
of  route  and  the  avoidance  of  lengthy  and 
tedious  terminal  delays. 

B-63.3  Shook  and  Vibration  Environment 

Vibration  frequencies  in  motor  trucks  are 
dependent  upon  the  natural  frequency  of 


the  unsprung  mass  on  the  tires,  the  natural 
frequency  of  the  spring  system,  and  the 
natural  frequencies  of  the  body  structure. 
The  vibration  amplitudes  are  dependent 
upon  the  road  condition  and  the  speed  of 
travel.  Intermittent  road  shocks  of  high 
magnitude  can  occur,  with  resultant  extreme 
body  displacements.  These  ic.gc  displace- 
ments may  result  in  a severe  shock  environ- 
ment for  unlashed  cargo  as  it  bounces  about 
the  truck  floor.  Vibrations  caused  by  the 
truck  engine  and  transmission  system  are 
relatively  insignificant  in  the  cargo  area.  The 
predominant  natural  frequencies  of  various 
military  transport  vehicles,  as  measured  in 
the  cargo  space,  are  given  in  Table  5-1 8. 
Table  5-19  shows  the  cargo  acceleration  in  a 
2-1 /4-ton  truck.  Ml 04  Trailer  combination 
over  various  types  of  tenrain. 

The  vertical  motions  of  truck  beds  are 
essentially  transient  vibrations.  Their  charac- 
ter is  intermediate  between  periodic  vibra- 
tions and  high  intensity  shock;  e.g..  between 
the  low  level  vibration  on  railcars -generally 
not  included  in  the  rail  environment  at 
all  -and  the  shock  of  the  switching  impact 
of  railcars.  The  transient  vibrations  are  due 
to  the  condition  of  the  road  surface  which 
may  contain  all  sorts  of  irregularities.  Of 
course,  impact  loads  as  u result  of  uccidcnt 
or  collision  cannot  be  considered  a part  of 
the  normal  ground  transportation  environ- 
ment and  are  not  included  herein. 

Ft  both  unit  vehicles  and  tractor-traitor 
combinations,  vertical  translations  (bounce) 
and  pitch  are  dominant  motions.  The  natural 
frequencies  ure  of  the  order  of  3.5  and  4.5 
Hz.  respectively,  for  typical  highway  vehicles 
loaded  to  the  gross  weight  limits.  The  effect 
of  the  suspension  under  normal  operating 
conditions  is  to  damp  cargo  bed  motions  to 
about  10  percent  of  the  amplitude  experi- 
enced at  the  wheel-terrain  interface.  Acceler- 
ations measured  on  a highway  trailer  axle 
assembly  were  1 .5  and  3.0  G for  average  and 
extreme  conditions,  respectively,  while  the 
corresponding  readings  on  the  trailer  frame 
were  0.1  and  0.3  G (Ref.  6).  The  dominant 
frequeney  of  motion  on  the  trailer  frame  is 
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TABLE  5-18. 

EMC1ES  M CAffOO  SPACES  OF  MILITARY 
VEMCLES  KM.  1) 


2T  Trailer  I Vertical  I 2.5  to  5 I 7.75  to  10.5  j 100  to  150 
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TABLE  6-10. 

CAROO  ACCELERATION  IN  TRUCK-TRAILER  COMBINATION  (Rtf.  1) 


Operation  over 

Maximum  acceleration)  G 

Longitudinal 

Lateral 

Vertical 

Vector  total 

Sandy  beach 

2.5 

jmmm 

5.3 

Ungraded  road  (30  mph) 

0.5 

1 

1.9 

Graded  road  (30  mph) 

1.0 

H _ 

1.4 

in  the  range  of  2 to  4 Hz,  reflecting  the 
influence  of  the  suspension,  while  the  axle 
motion  measured  14  to  IS  Hz  due  to  the 
forcing  effect  of  the  vehicle-to-road  contact. 
These  values  are  sufficiently  low  and  uni- 
form in  frequency  so  as  not  to  constitute 
any  long-term,  cumulative  hazard  to  contain- 
erized materiel. 

Off-road  and  rough  highway  conditions 
produce  motions  at  more  severe  levels  than 
encountered  in  normal  commercial  highway 
operations.  Off-road  operations  cause  an 
increase  in  severity  of  motion  by  a factor  of 
2 to  3 for  a diverse  collection  of  vehicles 
(Ref.  6).  Experimental  values  of  acceleration 
measured  on  cargo  platforms  of  trucks  were 
as  high  as  5 G in  the  low  frequency  region 
of  the  spectrum.  These  values  were  obtained, 
however,  at  excessive  speeds  at  which 
damage  would  be  expected  for  the  particular 
driving  surfaces  of  the  test. 

For  a more  detailed  discussion  of  the 
motor  transport  shock  and  vibration  environ- 
ment, the  reader  is  referred  to  Chap.  4, 
“Vibration”,  and  Chap.  6,  "Shock”,  in  Part 
Three,  Induced  Environmental  Factors,  in 
this  Environmental  Series  of  Engineering 
Design  Handbooks  (Ref.  35). 

B-B.3.4  Other  Environmental  Factors 

As  mentioned  in  the  preceding  discussion, 
many  environmental  factors  are  not  con- 
sidered to  be  important  during  transport 
because  transportation  requires  much  less 
time  than  other  activities  during  which 


exposure  to  these  environmental  factors 
occurs.  Motor  transport  probably  allows 
more  exposure  to  environmental  extremes 
due  to  climatic  conditions  than  do  other 
forms  of  transport  such  as  rail,  air,  and  ship 
because  open  shipment  (without  any  cover- 
ing or  protection  from  the  elements  other 
than  that  provided  by  the  packing  or 
packaging  of  the  materiel)  is  more  likely  to 
occur  on  trucks  than  with  other  transporta- 
tion modes. 

Corrosion  is  an  example  of  an  environ- 
mental effect  that  takes  place  over  an 
extended  period  of  time  so  that  under 
normal  circumstances  it  is  not  considered  an 
important  factor  during  transportation.  Rela- 
tive humidity,  in  the  sense  that  it  contrib- 
utes to  corrosion,  is  also  not  particularly 
significant  in  transportation.  Precipitation  in 
the  form  of  rain,  ice,  hail,  and  snow  are  of 
little  significance  in  transportation  except 
for  open  transport  in  which  the  materiel  is 
exposed  to  the  environment. 

Transportation  by  open  truck  over  an 
unsurfaced  road  in  dry  areas  is  possibly  the 
worst  exposure  to  sand  and  dust  that  can  be 
experienced  by  materiel.  The  truck  speed 
adds  to  the  damaging  effects  of  sand  and 
dust  on  exposed  materiel. 

Temperature  is  an  important  environ- 
mental factor  in  transportation  because  of 
the  sensitivity  of  some  materiel  to  extreme 
temperatures.  Sensitive  materiel  includes 
certain  ordnance  items,  electronic  equip- 
ment, and  perishable  foodstuffs. 
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A temperature  profile  for  truck-tr ana- 
ported  ordnance  wu  determined  for  a 
standard  loaded  ordnance  truck  traveling  in 
areas  sought  out  for  their  extreme  hot  and 
cold  temperatures  (Ref  37).  The  tempera- 
ture profiles  obtained  as  a result  of  this 
study  probably  represent  the  extremes  of 
temperature  exposure  for  truck  transporta- 
tion within  the  continental  United  States. 
These  measurements  demonstrated  that 
truck-transported  ordnance  is  not  subjected 
to  the  extreme  temperatures  of  the  sur- 
rounding environment.  For  example,  during 
cold  weather,  the  lowest  outside  air  tempera- 
ture measured  was  -20°  F;  however,  the 
lowest  ordnance  temperature  measured  was 
-3°F.  In  like  manner,  during  hot  weather, 
the  highest  outside  air  temperature  measured 
was  128*F,  but  the  highest  ordnance 
temperature  was  1 1 6*F. 


5-B.3.6  An  Example  of  the  Motor  Transport 
Environment 

An  example  of  the  motor  transport 
environment  experienced  by  18  ready-for- 
issue  missiles  in  a cross-country  trip  by 


motor  transport  from  Charleston,  S.C.,  to 
Concord,  Calif.,  has  been  reported  (Ref.  38). 
The  missiles  consisted  of  TARTARS,  TER- 
RIERS, and  STANDARDS  in  MK-199  and 
MK-372  shipping  containers  (Fig.  5-23). 
Environmental  factors  that  were  monitored 
included  shock  and  vibration,  road  condi- 
tions, temperature,  relative  humidity,  and 
pressure.  The  transport  vehicle  wu  a stan- 
dard suspension  semitrailer,  pulled  by  an 
over-the-road  tractor.  No  movement  of  the 
load  was  noticed  throughout  the  2,899-ml 
trip.  The  average  speed  including  stops  wu 
approximately  32  mph.  The  pavement  varied 
from  fair  to  very  good,  but  most  sections 
rated  as  good.  Luge  shocks-two  exceeding 
1 5 G-were  associated  with  stopping  off  the 
paved  roadway.  These  shocks  were  reduced 
by  the  shock-mitigating  systems  built  into 
the  missile  containers.  The  highest  shock 
level  recorded  for  any  missile  was  7.6  G 
which  is  believed  to  have  resulted  from 
pitching  of  a missile  cradle  within  the 
container.  Ambient  pressure  ranged  from 
11.4  to  14.9  psi.  The  temperature  ranged 
from  37.4*  to  60.3*F,  and  the  relative 
humidity  varied  from  11.1  to  15.9  percent. 
Although  two  of  the  18  missiles  failed 


Figure  5-28.  Loaded  Truck  Ready  to  Depart  Nava I Station  (NWS), 
Charleeton,  S.C.  (Rat.  38) 
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acceptance  teats  at  the  end  of  the  trip,  the 
) failures  were  not  associated  with  the  trans- 
portation environment.  As  a result  of  this 
test,  it  was  recommended  that  missiles/ weap- 
ons packed  in  such  containers  be  transported 
over  improved  roads  on  trucks  with  standard 
suspensions.  Put  practice  had  been  to 
transport  such  weapons  only  on  vehicles 
with  air-ride  suspension. 

S-S.3.6  Combinations  of  Transport  involving 
Motor  Vehicles 

The  transport  of  military  supplies  by 
motor  vehicle  can  be  combined  with  other 
modes-rail,  water,  and  air-to  reduce  the 
handling  of  cargo  and  thus  the  time  en  route 
from  origin  to  destination  (Ref.  39).  Exam- 
ples include: 

(1)  Piggy-back  or  trailer  on  flat  car.  This 
is  the  term  given  to  the  combination  of  rail 
and  motor  transport.  Semitrailers  are  loaded 
and  sealed  at  point  of  origin,  placed  on  rail 
cars,  and  moved  forward  u far  as  possible. 
They  are  then  off-loaded,  coupled  with 
suitable  towing  vehicles,  and  delivered  to 
their  destinations  over  the  highways. 

(2)  Roll  on/roll  off.  This  is  the  term 
given  to  the  combination  of  water  and 
motor  transport.  Semitrailers  are  towed  onto 
specially  constructed  vessels  at  the  port  of 

, embarkation  and  transported  to  another 
port.  There  they  are  coupled  to  tractors 
while  still  aboard  ship  and  then  are  moved 
by  highway  to  their  destination. 

(3)  Lift-on/lift  off.  fn  this  operation, 
loaded  semitrailers  are  moved  to  port, 
uncoupled  from  their  trictors  and  loaded 
aboard  ship.  Upon  arriv'd  at  an  overseas 
area,  these  trailers  are  off-luded,  coupled  to 
tractors,  and  moved  to  destination  by 
highway. 

(4)  Air.  Wit.  the  increased  employment 
of  air  transport  for  both  tactics*  and 
strategic  mobility  of  troops  and  supplies  and 
the  concurrent  development  of  aircraft  of 
greater  capacity,  the  movement  by  air  of 


motor  vahiclu  loaded  with  high  priority 
cargo  has  become  possible,  thus  allowing 
immediate  distribution  of  these  critical 
supplies  on  landing. 

An  example  of  transportation  combining 
motor  transport  with  air  transport  has  been 
reported  for  a TITAN  missile  (Ref.  40).  In 
this  study  a test  was  made  to  determine  the 
vibration  levels,  shock  levels,  and  pressure 
effects  on  an  operational  TITAN  11  misaile 
during  transport  horn  the  factory  to  the 
launch  complex  and  during  rilo  emplace- 
ment. The  missile  was  loaded  on  a C-133-B 
aircraft  and  Down  to  its  destination.  At  the 
end  of  the  flight,  the  missile  wu  unloaded, 
convoyed  to  the  launch  complex,  then 
lowered  into  its  silo  by  crane. 

During  road  travel  the  misaile  was  trans- 
ported at  speeds  up  to  35  mph.  Curves  were 
negotiated  normally;  dips  and  chuckholes 
were  not  purposely  traversed,  but  when 
encountered,  recordings  were  immediately 
annotated  and  the  readings  noted  with  a 
description  of  the  events.  Gravel  roads  were 
traveled  at  speeds  up  to  15  mph.  During  this 
portion  of  road  travel,  no  shocks  in  excess 
of  2 G were  imparted  to  the  misaile.  During 
the  flight,  no  pressure  differential  was  found 
on  the  missile  tankage.  The  peak  accelera- 
tion measured,  including  taxiing,  takeoff, 
and  touchdown,  was  2.82  G.  The  maximum 
overall  sound  pressure  level  obtained  during 
flight  was  127  dB.  During  transport  from 
the  aircraft  to  the  missile  launch  complex, 
no  shocks  in  excess  of  1-1/2  G were 
imparted  to  the  missile.  During  lowering  of 
the  missile  into  the  silo  by  crane,  virtually 
no  shocks  were  obtained,  all  accelerations 
being  leu  than  1/2  G.  The  results  of  this 
test  indicated  that  a misaile,  while  being 
transported  from  the  manufacturing  facility 
to  an  operational  base  in  a normal  manner, 
sustains  no  damage. 

B-S.4  RAIL  TRANSPORT 

S-6.4.1  Advantages  of  Rail  Transport 

Rail  transport  represents  the  best  mode  of 
overland  transportation  for  very  large  items 
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and  for  large  quantity  shipments.  Rail 
shipments  are  particularly  suitable  for  ship- 
ment of  bulk  commodities  such  as  grain, 
coal,  and  petroleum.  Rail  systems  are 
affected  little  by  climatic  factors  in  contrast 
to  the  sometimes  severe  effects  of  snow  and 
rain  on  motor  transport.  Disadvantages 
associated  with  rail  transport  include  the 
frequent  necessity  for  using  trucks  to  bring 
materiel  to  and  from  the  rail  line.  This 
entails  additional  handling  which  increases 
both  the  cost  and  the  likelihood  of  damage 
during  transit.  Further,  when  full  advantage 
is  taken  of  the  larger  boxcar  capacity  for  rail 
transport,  then  stronger  and  more  costly 
packing  techniques  are  required.  When  these 
factors  become  significant,  rail  transport  is 
at  a significant  disadvantage.  Rail  transporta- 
tion does  decrease  exposure  to  climatic 
elements  compared  with  motor  transport 
since  most  items  shipped  by  rail  are  in 
closed  boxcars. 

6-6.42  Shook  and  Vibration  Eiwlronmant 

The  most  significant  environmental  factors 
in  rail  transport  are  those  resulting  from 
motion.  While  motion  is  experienced  by 
railcars  during  travel,  impacts  that  occur 
during  < witching  in  yards  are  the  major 
source  of  stress  on  cargoes.  The  various 


IMPACT  SPEED,  mph 

Figurt  5-26.  Impact  Spatd  During  Frafght  Car 
Switching  Operations  (Rtf.  1) 


FiguraB-27.  Effaeth/arma  of  Cushioning  by 
Varlout  Typat  of  Draft  Gaar  (Rat  6) 


types  of  draft  gear  on  railcars  provide 
different  degrees  of  cushioning  in  such 
switching  impacts. 

Data  on  impact  velocity  indicate  that 
impacts  at  a speed  of  14  mph  are  present 
(Ref.  6).  In  Fig.  5-26.  the  distribution  of 
Impact  velocities  observed  during  switching 
operations  is  shown.  Fig.  5-27  shows  the 
effectiveness  of  cushioning  by  various  types 
of  draft  gear.  It  is  estimated  that  90  percent 
of  existing  rail  freight  cars  have  either 
friction-type  or  rubber-type  draft  gear  so 
that,  for  impact  speeds  in  the  range  of  12  to 
14  mph,  a railcar  loaded  to  a gloss  weight  nf 
.300,000  lb  would  experience  an  acceleration 
of  4 G, 

Vibrations  in  moving  freight  cars  arise 
from  track  and  wheel  irregularities  and  occur 
principally  in  the  lateral  and  vertical  direc- 
tions (Ref.  I ).  The  excitation  frequencies 
caused  by  rail  Joints  and  wheel  Imbalance 
vary  from  0 to  13  Hz.  The  resonant 
frequencies  of  railcar  frames  are  in  the  range 
of  SO  to  65  Hz.  Shock  and  transient 
vibration  during  coupling  and  during  starting 
and  stopping  are  generally  the  most  damag- 
ing phases  of  rail  shipment. 
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IMPACT  SPEED,  aph 

Figun  5-28.  Maximum  Longitudinal 
Acceienthn  of  Fraight  Car  During 
Switching  (Raf.  1) 


Longitudinal  accelerations  of  a freight  car 
body  that  can  be  expected  for  impact  speeds 
of  I to  7 mph  are  shown  in  Fig.  5-28.  The 
method  of  bracing  greatly  affects  the 
maximum  acceleration  of  stored  cargo. 
Although  a free-floating  curgo  is  desirable,  it 
is  not  practical  since  it  requires  large  space 
for  the  movement  of  the  load.  Furthermore, 
it  does  not  provide  protection  against  several 
successive  impacts  in  the  same  direction. 
Controlled  floating,  in  which  movement  is 
controlled  by  means  of  snubbers  that  center 
the  load  after  each  impact,  is  the  most 
practical.  Fig.  5- 29  shows  comparative  ,e- 
sults  for  one  such  controlled-floatlng  ar- 
rangement and  a blocked  arrangement. 

For  a more  detailed  discussion  of  the  rail 
transport  shock  and  vibration  environment, 
the  reader  Is  referred  to  Chap.  4,  "Vibra- 
tion”. and  Chap.  6,  "Shock"  in  Part  Three. 
Induced  Environmental  Factors,  of  this 
Environmental  Series  of  Engineering  Design 
Handbooks  (Ref.  35). 


64.4.3  Other  Environmental  Factors 

Rail  transport  affords  protection  from 
most  climatic  elements  so  that  they  arc  of 


little  significance  during  transport.  Tempera- 
ture is  the  most  important  envnnnmental 
factor  because  of  the  many  materiel  items 
affected  by  extreme  temperatures.  Because 
of  the  extreme  temperature  exposure  po^i- 
blc  during  rail  transport  - particularly  where 
loaded  boxcars  can  remain  immobile  on 
sidings  for  as  much  as  several  weeks- the 
potential  temperature  exposure  of  materiel 
in  boxcars  under  these  circumstances  is  of 
interest. 

Temperature  distributions  in  boxcars 
while  not  in  motion  on  sidings  in  a desert, 
subtropical  climate  (Yuma,  Ariz.)  and  in  a 
humid  location  (Cameron  Station.  Vu.)  have 
been  recorded  (Ref.  41)  (Fig.  5-30).  Inside 
tempetatures  were  sampled  hourly.  Outside 
air  mean  temperatures  were  normal  for  both 
locations  so  that  representative  conditions 
prevailed.  The  highest  cargo  temperature  was 
measured  in  the  top  center  carton  in  the 
boxcars,  while  the  roof  air  was  significantly 
hotter.  Table  5*20  presents  a comparison  of 
the  hottest  day  temperatures  at  Yuma  and 
Cameron  Station.  A pronounced  effect  of 
location  of  measurement  on  the  temperature 
measured  was  evident;  for  example,  a 45-  to 
AO-deg  F difference  between  the  maximum 
at  different  locations  within  the  sam..  car. 
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Figun  5-29.  Acceleration  of  Solid- 
blocked  and  Controiled-fioating 
Cargoes  {Ret  1) 


5-67 


AM&ro-na 


(A)  Facing  North 


Ffgurt  5-30.  Vitw  of  Yuma,  Aril.,  Fnight  Car  Study  Si  to 
(Rtf.  41) 


and.  indeed,  within  7-1/2  ft  in  uctual 
distance.  Figs.  5-3 1 and  5-32  present  weekly 
means  of  temperature,  wlndspeed,  und  solar 
radiation. 

Subsistence  in  the  cars  was  examined  at 
the  end  of  the  test  period.  Effects  on 
canned  snap  beans  ut  the  Yuma  site  were 
stated  as.  “Loss  of  vacuum  and  some 
chemical  decomposition  seems  to  have  taken 
place  in  this  product  in  the  desert  heut.  The 
product  is  sound,  however,  and  is  lit  for 
issue.”  In  the  same  manner,  cans  of  beans 
sampled  from  the  Cameron  Station  site 
received  the  following  evaluation:  “The 
product  examined  is  commercially  sterile. 
Gas  analysis  and  physical  inspection  of  the 
sample,  compared  with  normal  optimal 
growth  rates  and  biochemical  reactions  of 
organisms  isolated,  indicate  that  these  orga- 
nisms arc  metabolizing  very  slowly.  A 
decrease  in  the  vacuum  of  sample  cuns  und 
corresponding  increase  in  carbon  dioxide  und 
bacterial  counts  reveal  that  deterioration  by 
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bacteria  may  accelerate  with  continued 
storage.  It  is  recommended  that  this  product 
be  issued  immediately  while  the  bacterial 
counts  remain  at  their  present  level.” 
C-rations  did  not  fare  as  well.  Inspection 
revealed  that  some  ration  components  were 
unlit  for  issue.  It  is  concluded  that  the 
ubsolute  maximum  temperature  given  in 
Table  5-21  mav  he  taken  as  realistic  upper 
limits  for  boxcur  temperatures,  except  in 
such  unique  environments  as  Death  Valley, 
Calif.,  where  temperature  extremes  may  be 
significantly  higher. 


5-B.B  SHIP  TRANSPORT 
B-B.6.1  Advantages  of  Ship  Transport 

Whenever  transport  of  materiel  is  required 
for  long  distances  und  where  possible, 
transport  by  ship  is  most  economical  for 
large  or  bulky  Items.  The  only  alternative  to 
ship  transportation  for  long  overwater  routes 


L 


Position 


Temperature*,  °l 


rosin  on 

i 

Maximum 

Minimum 

Meant 

Yuma,  Arlz.,  13  August 

Roof  air 

149 

86 

117 

Ambient  air 

110 

82 

96 

Top  center  carton  air 

117 

94 

106 

Top  canter  carton  food 

112 

97 

104 

Burled  load  food? 

98 

97 

98 

Cameron  Station,  Va.,  30  July 

Roof  air 

139 

76 

108 

Ambient  air 

100 

70 

85 

Top  center  carton  air 

101 

82 

w 

Top  center  carton  food 

91 

85 

Load  center  carton  food 

81 

79 

80 

♦Derived  from  hourly  observations.  Inter-hourly  values  may  differ 
slightly. 

tDe rived  from  (Maximum  + M1n1mum)/2. 

^Derived  from  middle-layer  outer-carton  food  temperatures  at  west 
door  and  south  end,  both  of  which  showed  the  same  values. 


is  air  transportation  which  is  significantly 
more  expensive.  The  great  bulk  of  all 
materiel  Dow  between  continents  separated 
by  large  bodies  of  water  Is  water  surface 
transportation. 

The  great  advantage  of  water  transporta- 
tion is  low  cost.  In  general,  water  rates  tend 
to  be  so  low  as  to  preclude  rail,  motor,  and 
air  transport  from  competing  for  traffic 
moving  by  water.  The  low  cost  of  water 
transportation  results  from  the  facts  that  (1) 
water  carriers  have  no  maintenance  or 
capital  charge  for  use  of  Uie  waterways,  and 
(2)  the  tractive  effort  required  to  move  a 
given  weight  In  floating  equipment  Is  far  less 
than  that  required  to  move  the  same  weight 
on  wheels.  The  disadvantages  of  water 
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transportation  are  (I)  slowness.  (2)  the 
sometimes  seasonal  character  of  the  service, 
and  (3)  the  necessity  for  transfer  of  freight 
(Ref.  42).  During  winter  months,  water 
transportation  is  not  possible  in  northern 
regions  due  to  freezing,  and  spring  and 
summer  operations  are  sometimes  inter- 
rupted by  floods  or  drought.  Moreover  if  it 
Is  necessary  to  transfer  freight  from  rail  to 
the  water  carrier,  handling  costs  and  the 
possibility  of  damage  are  incioased.  The  low 
initial  cost  of  water  transportation  may  bo 
offset  by  these  additional  costs. 

Most  materiel  for  overseas  use  is  carried 
by  ship.  For  example,  in  the  Vietnam 
conflict  roughly  98  percent  of  .ill  materiel 
wus  transported  by  scu  (Rel  43).  This 
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Figure  5-31.  Weekly  Meant  of  Temperature  and  Windtpeed.  and  Weekly  Total  of  Solar  Radiation,  Yuma.  Ariz.  f Ref. : 41) 
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Figura  5-32.  Waakly  Maant  of  Tam  para  tura,  Windapaad,  and  Solar  Radiation, 
Camaron  Station,  Va.  IRaf.  41) 


required  transport  of  approximately  800,000 
tons  mo'1  in  an  almost  around-the-clock 
operation  for  a minimum  distance  of  6.000 
mi.  As  an  example,  one  aircraft  carrier 
required  as  High  as  4,478  tons  of  munitions 
in  one  month  compared  to  World  War  II 
aircraft  carriers  which  dropped  2,000  tons  of 
bombs  in  the  entire  war  a startling  higher 
expenditure  of  this  materiel. 


Environmental  factors  have  little  delete- 
rious effect  on  materiel  when  stored  in  the 
hold  of  a ship  but  they  can  and  do  huve 
important  effects  during  loading  and  unload- 
ing operations.  Rain,  snow,  wind,  high  and 
low  temperatures,  salt  air  and  salt  fog.  high 
relative  humidity,  icing,  and  blown  sand  and 
dust  can  be  present  during  loading  and 
unloading  and  can  cause  damage  to  materiel 
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TABLE  5-21. 

ABSOLUTE  MAXIMUM  TEMPERATURES 
REACHED  IN  BOXCARS  (Raf.  40) 
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Tsmpsrature,  *F 

Position 

Yum, 

Arlz. 

Csmsron  Station, 
Va. 

Dlffersnce 

Roof  sir 

150 

145 

5 

Top  c«nt«r 
csrton  sir 

119 

101 

18 

Top  csnttr 
carton  food 

113 

91 

22 

if  it  is  not  properly  packaged.  The  likelihood 
that  loading  and  unloading  of  ships  will  tuke 
place  in  unprotected  areas  is  significantly 
higher  than  for  other  forms  of  transport. 

In  addition,  the  storage  of  materiel  on 
open  deck  with  little  or  no  protection  other 
than  packing  crates  is  not  unusual.  This  type 
of  exposure  can  cause  severe  detcrloistio'i 
by  corrosion,  accelerated  by  salt  uir  and  salt 
water  exposure. 

Another  problem  associated  with  water 
transport  is  the  high  probability  of  materiel 
damage  by  rodents  and  insects.  It  has  been 
demonstrated  adequately  that  rodents  and 
insects  are  difficult  to  exclude  from  ships: 
therefore,  susceptible  materiel  must  be 
packaged  so  as  to  prevent  such  damage  if  it 
is  to  survive  ship  transport  without  deterio- 
ration. 

The  peculiar  problems  of  water  transport 
and  its  interaction  with  environmental  fac- 
tors are  illustrated  by  some  experiences  in 
the  Vietnam  conflict  (Ref.  43).  The  fall  and 
winter  seasons  are  extremely  difficult  for 
supply  operations  in  Vietnam.  This  results 
from  a combination  of  factors,  foremost  of 
which  is  the  weather.  The  northeast  mon- 
soon starts  in  October  and  lasts  until  April. 


During  this  period,  cooling  of  the  landmass 
of  the  Aslan  continent  produces  a deep,  high 
pressure  area  with  air  circulating  clockwise 
around  the  continent.  The  winds  drive  ucross 
thv  full  reuch  of  the  South  China  Sea. 
cuusing  waves  to  build  up  and  pound  the 
coast  of  Vietnam  from  the  east  and 
r.jitheust. 


In  addition  to  the  sea,  the  warm,  moist 
air  deposits  layer  ufter  layer  of  clouds  on 
the  coast.  Long  periods  of  torrential  rains 
produce  deep  mud  everywhere,  flood  vast 
areas,  und  chunge  quiet  streuins  into  tor- 
rents. From  time  to  time,  conditions  ure 
worsened  by  the  surges  of  cold  fronts  from 
the  continental  landmass  down  to  the 
latitude  of  Du  Nung  und  sometimes  farther. 
In  addition  to  producing  heavy  rains,  the 
pressure  grudient  tightens  us  the  front 
approaches  and  the  winds  intensify.  Off- 
loading of  curgo  from  the  holds  of  merchant 
ships  to  lunding  cruft  becomes  very  difficult 
und  hazardous  under  these  circumstances, 
and  it  is  sometimes  necessary  to  abandon 
such  activities  for  us  long  us  S duys  at  u 
time.  Rouds  and  staging  ureas  become  u 
moruss,  und  the  building  and  maintenance  of 
rouds  und  staging  arcus  becomes  a high 
priority  Item. 
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TABLE  8-22. 

PEAK  SHIPBOARD  ACCELERATIONS 
ENCOUNTERED  IN  NORTH  ATLANTIC  RUN 
IRef.  SI 

Acceleration , 

Location 

G 

Sea  state 

Stsrn 

1.0 

10 

Midship 

0.37 

8 and  9 

Bow 

1.5 

8 

Poor  packaging  caused  serious  problems  as 
cartons  dissolved  in  the  heavy  rains,  making 
the  loose  contents  difficult  to  handle  or 
rendering  them  useless.  On  the  other  hand, 
in  the  hot  season,  cans  of  asphalt  burst 
during  handling.  The  necessity  for  removing 
cargo  from  ships  and  transporting  ii  to  pier 
areas  in  smaller,  shallow  draft  ships  caused 
additional  difficulties,  resulting  in  much  loss 
and  deterioration  of  materiel. 

&-B.6.2  Shock  and  Vibration  Environment 

Th"  principal  excitation  forces  for  ship- 
board vibrations  are  caused  by  interaction  of 
the  structure  of  the  ship  with  the  flow  of 
water  from  the  propellers  and  by  the 
imbalance  or  misalignment  of  the  propulsion 
system.  The  frequency  range  of  these 
vibrations  is  about  5 to  25  Hz,  with 
attendant  accelerations  reaching  a maximum 
of  about  1 G.  During  normal  service,  ship 
cargoes  do  not  experience  shock  loads  of 
any  significant  magnitude  except  during 
loading  and  unloading  operations.  Typical 
data  were  obtained  for  a 523-ft  container 
ship  during  eight  representative  North  Atlan- 
tic crossings  (Ref.  6).  It  is  interesting  to 
note  that  extreme  cargo  motions  are  not 
associated  necessarily  with  the  worst  sea 
conditions  because  the  speed  of  the  ship  is 
varied  with  sea  conditi  ns.  An  attempt  is 
also  made  to  reduce  water  washing  over  the 
deck  of  container  ships  by  avoiding  head 
seas  and  accepting  high  roll  excursions. 
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Peak  values  of  vertical  accelerations  ere 
given  in  Table  5-22.  It  was  found  that  peak 
accelerations  occur  at  sea  state  8 as 
indicated  in  the  table  and  not  at  the  most 
severe  sea  conditions.  On  the  other  hand, 
the  average  accelerations  continue  to  rise  up 
to  sea  state  10.  Another  point  of  interest 
apparent  from  the  raw  data  is  that  high  seas 
in  excess  of  sea  state  6 are  not  rare. 
Approximately  9 percent  of  the  data 
intervals  represented  sea  states  of  10  or 
greater. 


Horizontal  motions,  including  sway,  roll 
(in  proportion  to  the  distance  from  the  roll 
axis  on  which  the  observation  is  made),  yaw, 
and  hull  bending  in  the  horizontal  plane, 
were  also  measured.  The  horizontal  peak 
accelerations  in  either  direction  for  the 
forward  location  at  the  main  deck  were  0. 1 6 
G for  sway  acceleration,  0.02  G for 
acceleration  due  to  roll,  0.37  G for 
acceleration  due  to  yaw,  and  0.55  G for 
total  horizontal  acceleration. 


For  a more  detailed  discussion  of  the 
water  transport  shock  and  vibration  environ- 
ment, the  reader  is  referred  to  Chap.  4, 
“Vibration”,  and  Chap.  6,  “Shock”,  in  Part 
Three,  Induced  Environmental  Factors,  of 
the  Environmental  Series  of  Engineering 
Design  Handbooks  (Ref.  35). 
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B-6.5.3  Other  Environmental  Feetors 

Water  transport  generally  can  be  differen- 
tiated from  rail,  motor,  and  air  transport  by 
the  time  required  in  transit.  Water  transpor- 
tation is  very  slow  when  compared  with  any 
of  these  other  modes  of  transportation.  As  a 
result,  those  factors  that  require  long  periods 
of  time  to  cause  deterioration  of  materiel 
can  become  effective  during  ship  transport, 
although  they  normally  are  not  effective 
during  transport  by  other  means.  In  addi- 
tion, exposure  to  salt  air  is  significantly 
greater  because,  in  most  cases,  the  ship  and 
its  cargo  are  in  contact  with  a maritime 
atmosphere  of  high  humidity  and  high  salt 
content  at  all  times.  Items  stored  above  deck 
are  particularly  susceptible  to  rapid  corro- 
sion as  a result  of  exposure  to  salt  air  and 
salt  water.  The  bulk  transportation  of  grains 
and  other  food  stuffs  has  resulted  in  many 
freighters  becoming  infested  with  insects  and 
rodents,  thereby  increasing  the  possibility  of 
materiel  deterioration  from  macrobiologicai 
attack.  For  above-deck  storage,  exposure  to 
high  ambient  solar  radiation,  snow,  ice,  rain, 
changes  in  atmospheric  pressure,  sleet,  hail, 
wind,  as  well  as  the  previously  mentioned 
salt  spray  and  salt  water  is  significant.  For 
materiel  stored  below  decks,  exposure  to 
these  elements  is  of  much  less  importance. 

6-6.6  AIR  TRANSPORT 

6-6.6. 1 Advantages  of  Air  Transport 

For  any  transportation  need  in  which 
extreme  speed  is  required  and  long  distances 
are  involved,  air  transport  is  the  obvious 
choice.  During  conventional  air  transport, 
cargo  is  carried  within  the  fuselage;  however, 
a number  of  aircraft  curry  external  canisters, 
tanks,  or  other  special  containers  fitted  to 
the  wings  and  fuselage.  Fig.  5-33  shows 
various  means  of  loading  and  unloading 
three  different  types  of  cargo  uircruft.  Air 
transport  also  includes  transport  by  gliders 
towed  by  aircraft.  Helicopters  have  become 
versatile  transportation  vehicles  for  small 
cargoes  over  difficult  terrain.  Helicopters  are 
employed  in  close  support  and  resupply 


operations  for  operational  units  where  con- 
ventional aircraft  landing  fields  are  not 
available.  Indeed,  the  prime  advantage  of  the 
helicopter  is  its  ability  to  land  cargo  even 
when  an  area  large  enough  to  land  the 
helicopter  is  not  available.  In  this  case,  cargo 
can  be  winched  down  from  the  helicopter 
while  it  is  in  a hovering  mode.  This  kind  of 
air  transport  finds  wide  application  in  the 
tactical  environment.  Finally,  another  tech- 
nique that  has  been  employed  for  the 
landing  of  cargo  in  areas  in  which  insuffi- 
cient airfield  capabilities  exist  is  the  airdrop 
from  low-flying  cargo  aircraft.  A variety  of 
techniques  ha/e  been  developed  to  permit 
the  accurate  delivery  of  cargo  or  materiel 
from  aircraft  in  flight  to  a point  on  the 
surface  of  the  earth. 

Although  the  aircraft  has  some  clear 
advantages,  it  ulso  has  some  rather  obvious 
disadvantages  us  a transport  mode.  The 
requirement  of  a large  landing  field  for 
conventional  cargo  aircraft  is  u significant 
limitation.  Of  perhaps  more  importance  is 
the  fact  that  air  transport  is  more  sensitive 
to  climatic  factors  than  arc  most  other 
modes  of  transportation.  In  addition,  aircraft 
cover  extremely  long  distances  in  a very 
short  time  and  therefore  urc  subjected,  in 
many  cases,  to  a rapidly  changing  environ- 
ment because  of  the  wide  variety  of  the 
climatic  environments  that  can  be  encoun- 
tered in  a single  flight.  Some  of  the  common 
variables  that  affect  the  performance  stan- 
dards of  aircraft  arc: 

(1)  Range  and  puyloud 

(2)  Speed 

(3)  Altitude 

(4)  Air  density  and  temperature 

(5)  Wind 

(ft)  Other  environmental  factors. 

Range,  puyloud.  speed,  and  (light  altitude 
are  primarily  characteristic  of  individual 
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aircraft.  The  other  items  are  natural  environ- 
mental factors  and  are  considered  in  turn: 

(1)  Air  density  and  temperature.  These 
factors  determine  the  ability  of  an  aircraft 
to  Uft  weight.  The  density  of  the  airmass,  in 
turn,  is  affected  by,  and  is  inversely 
proportional  to,  temperature,  humidity,  and 
altitude  above  sea  level.  For  example,  the 
U-8F  (Seminole),  weighing  7,700  ib  and 
operating  from  a point  ut  sea  level  where  the 
temperature  is  59°F,  requires  2,200  ft  from 
the  start  of  its  takeoff  run  to  clear  a 50-ft 
obstacle  (Ref.  36).  The  same  aircraft  operat- 
ing at  the  same  weight  from  an  airport 

5.000  ft  above  sea  level  where  the  tempera- 
ture is  95*F  requires  over  2.985  ft  to  clear  a 
50-ft  obstacle.  The  capability  of  a helicopter 
with  an  externally  slung  load  can  be  reduced 
as  much  as  80  percent  between  sea  level  at 
0®F  and  6.000  ft  at  95" F. 

(2)  Surface  winds.  These  uffect  both 
fixed-wing  and  rotary-wing  aircraft.  If  uti- 
lized in  coi\junction  with  available  runways, 
a surface  wind  has  a pronounced  beneficial 
effect  on  the  takeoff  and  landing  characteris- 
tics of  an  aircraft,  since  lift  capability  is 
directly  proportional  to  the  speed  of  air 
passing  over  the  lifting  surfaces. 

(3)  Other  environmental  factors.  The 
amount  of  oxygen  available  in  the  air 
decreases  as  altitude  increases.  Flight  above 

10.000  ft  for  an 'extended  period  can  be 
extremely  dangerous  unless  personnel  are 
supplied  with  oxygen  or  unless  the  aircraft  is 
pressurized  so  that  the  atmosp)  re  within 
corresponds  to  a lower  level.  A minimum  of 

1.000  ft  should  be  allowed  for  clearing 
obstacles:  therefore,  when  the  terrain  alti- 
tude is  bver  9,000  ft.  only  aircraft  with 
oxygen  should  be  programmed  for  flight. 
Aircraft  flight  altitude  ix  determined  by  the 
characteristics  of  the  aircraft  and  by  air 
traffic  considerations, 

When  flight  is  under  visual  flight  rules 
(VFR),  the  underside  of  cloud  ceilings  must 
be  at  least  1 ,000  ft  above  the  terrain  for  the 
entire  route,  and  the  visibility  should  be  at 


least  3 mi  in  controlled  zones  around 
airfields  and  1 mi  outside  controlled  zones. 
All  other  weather  conditions  require  opera- 
tion by  IFR  (instrument  flight  rules).  VFR 
aircraft  normally  cannot  be  flown  in  IFR 
weather.  The  availability  of  all-weather 
aircraft  and  qualified  aviators  docs  not 
always  guarantee  the  start  of  a mission;  an 
aviator  may  refute  to  attempt  a mission  if 
extreme  weather  is  anticipated.  If  air 
turbulence  or  other  conditions  are  such  that 
an  aircraft  cannot  remain  airborne,  it  is 
foolhardy  to  attempt  a mission.  The  high 
speed  and  long  range  of  modern  aircraft 
require  adequate  weather  intelligence  for  the 
entire  route  before  the  start  of  any  mission. 
The  weather  to  be  encountered  in  route  may 
not  be,  and  very  frequently  is  not,  apparent 
at  the  airfield  from  which  the  flight 
originates. 

5-S.6.2  Shook  and  Vibration  Environment 

5-5. 6.2.1  Genenl.  Mobility  requirements  of 
the  modem  Army  have  created  a demand 
for  resupply  that  can  be  obtained  only 
through  the  use  of  aircraft.  Due  to  the  large 
quantities  of  supplies  and  equipment  requir- 
ing delivery  by  aircraft,  it  is  no  longer 
practical  to  modify  an  item  for  air  transport 
or  airdrop  after  the  designed  item  has  been 
completed.  The  necessary  field  modifications 
and  the  loading  problems  inherent  in  that 
method  create  excessive  man-hour  require- 
ments and  serve  to  limit  the  mobility.  It  has 
become  necessary,  therefore,  that  air  trans- 
port and  airdrop  knowledge  be  incorporated 
in  the  basic  design  of  materiel  having  an  air 
transport  or  airdrop  requirement. 

Materiel  developed  for  air  transport  in  Air 
Force  aircraft  must  meet  the  limitations 
imposed  by  the  characteristics  of  aircraft 
used  in  these  types  of  operations.  Materiel 
developed  for  air  transport  by  Army  aircraft 
must  meet  the  requirements  imposed  by  the 
characteristics  of  Army  aircraft  and  helicop- 
ters as  well  as  those  imposed  by  Air  Force 
aircraft.  Muteriel  developed  for  airdrop  must 
be  designed  to  meet  the  requirements 
imposed  by  the  characteristics  and  capabil- 
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Figure  5-34.  Maximum  Shocks  Recorded  During  Airilna  Taat  Shipman  t (Raf.  1) 


itles  of  the  airdrop  system  with  which  they 
will  be  used.  These  include  size  and  weight 
requirements  and  requirements  for  tiedown, 
extraction,  and  suspension  provisions.  The 
materiel  must  be  able  to  withstand  the 
environments  created  during  each  phase  of 
airdrop  and  the  sum  of  the  environments 
created  by  all  phases.  Materiel  that  Is 
airdropped  to  combat  forces  must  be 
capable  of  immediate  effective  employment. 

5-5.6. 2.2  Internal  Air  Transport,  The  impor- 
tant loadings  during  air  transport  are  dynam- 
ic loadings  occurring  during  flight  in  rough 
air.  These  are  differentiated  from  shock 
loadings  in  that  they  consist  of  fairly  high 
magnitude  accelerations  imposed  for  a pro- 
longed period  of  time.  These  accelerations 
can  be  as  high  as  2 to  3 G during  normal 
operation  of  transport  aircraft.  The  most 
damaging  conditions  encountered  during  air 
shipment  are  the  shocks  resulting  from 
handling  operations.  Fig.  5-34  shows  the 
maximum  shocks  recorded  during  a test 
shipment  by  a major  airline.  For  that  test, 


two  impact  recorders  were  placed  in  a 
wooden  box  having  a total  weight  of  73  lb. 
Both  longitudinal  and  vertical  shocks  were 
recorded. 

For  air  transport  by  Air  Force  cargo 
planes,  the  following  G loads  are  permitted 
in  the  C-130  and  C-144  airplanes:  forward 
8.0  G.  side  1.5  G.  vertical  up  2.0  G.  aft  1.5 
G,  vertical  down  4.5  G (Ref.  34).  Larger 
articles  requiring  transport  in  C-5  airplanes 
must  withstand  the  following  G-loads:  for- 
ward 3.0  G.  side  1.5  G.  vertical  up  2.0  G. 
aft  1.5  G,  and  vertical  down  4.5  G.  Materiel 
must  be  capable  of  surviving  an  acceleration 
of  3 G for  a minimum  of  3 s during  flight 
and  taxiing  when  epplied  independently 
along  each  of  the  longitudinal  and  vertical 
axes  in  each  direction  and  1.5  G for  a 
minimum  of  3 s applied  independently  along 
the  lateral  axis  in  each  direction.  In 
emergency  landings,  a minimum  of  9 G In 
either  direction  applied  independently  along 
each  horizontal  axis  for  a minimum  of  3 s is 
the  specified  stress  level. 
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TABLE  MS. 

CARGO  RESTRAINT  FACTORS  (CREW 
PROTECTED  BY  AIRCRAFT  STRUCTURES) 
(Ref.  SI) 


Direction 

Fixed-wing 

aircraft, 

6 

Helicopters, 

6 

Forward 

2.5 

2.0 

Aft 

1.5 

2.0 

Vertical  down 

5.25 

4.0 

Vertical  up 

2.25 

2.0 

Side 

1.5 

1.5 

For  Army  aircraft,  the  cargo  restraint 
criteria  for  air  transport  that  indicate 
maximum  acceleration*  are: 

(1)  If  personnel  are  protected  by  aircraft 
itructurei  and/or  other  barrien,  restraint 
factor*  are  a*  outlined  In  Table  5-23. 

(2)  Where  personnel  are  not  protected  by 
aircraft  structures  and/or  other  barriers, 
restraint  factors  are  as  given  in  Table  5-24. 

For  more  detailed  discussion  of  the  air 
transport  shock  and  vibration  environment, 
the  reader  is  referred  to  Chap.  4,  “Vibra- 


tion” and  Chap.  6,  “Shock”,  in  Part  Three, 
Induced  Envlronmtntal  Factors,  of  the 
Environmental  Series  of  Engineering  Design 
Handbooks  /Ref.  35). 

5-S.6.2.3  External  Air  Transport  and  Air- 
landed Cargo.  External  transport  port  of 
materiel  has  become  more  important  with 
increased  deployment  of  helicopters.  One 
innovation  accompanying  this  has  been  the 
increase  in  “air-landed”  external  cargo.  The 
term  “air-landed”  is  distinguished  from 
“airdrop”  In  that  the  unloading  of  material 
occurs  while  the  transporting  aircraft  is  in  a 
landed  or  hovering  position.  Unloading  of 


TABLE  Ml, 

CAROO  RESTRAINT  FACTORS  (CREW  NOT 
PROTECTED  BY  AIRCRAFT  STRUCTURES) 
(Ref.  SSI 


Direction 

Fixed-wing 

aircraft, 

8 

Helicopters, 

6 

Forward 

8.0 

4.0 

Aft 

1.5 

2.0 

Vertical  down 

5.25 

4.0 

Vertical  up 

2.25 

2.0 

Side 

1.5 

1.5 
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cargo  or  peraonnel  in  an  airdrop  operation 
occur*  during  the  actual  flight  of  the 
aircraft.  External  transport  it  limited  to  the 
uae  of  racks  on  fixed-wing  aircraft  and  the 
use  of  suspended  slinp  on  helicopters.  The 
choice  o'  internal  or  external  transport 
depends  on  several  factors  (Ref.  46): 

(1)  Light,  bulky  cargo  always  should  be 
loaded  internally. 

(2)  Heavy  cargo  items  should  be  loaded 
externally. 

(3)  When  it  is  essential  that  aircraft  be  in 
the  loading  or  unloading  area  for  a minimum 
time,  load  should  be  carried  externally. 

(4)  If  the  cargo  could  be  damaged  by 
adverse  weather  during  flight,  internal  trans- 
port is  preferred. 

(3)  For  delivery  of  cargo  in  nigged  areas 
where  motor  vehicles  cannot  function  and 
transport  aircraft  cannot  land,  the  helicopter 
external  lift  is  a practical  mode  to  be  used 
because  of  the  hovering  capabilities  of  the 
helicopter. 

(6)  External  transport  Is  preferred  only 
when  the  requirement  is  for  rapid  shuttle 
operations  over  short  distances  (leu  than  35 
mi),  when  the  takeoff  point  or  landing  point 
is  exposed  to  fire,  or  when  precise  place- 
ment at  the  destination  is  desired. 

(7)  Intern*.!  loading  normally  will  be 
preferred  when  long  transport  distances 
indicate  that  greater  enroute  speed  will 
compenute  for  the  increased  loading  and 
unloading  time,  when  load  can  be  driven 
aboard  under  its  own  power,  when  the  load 
Is  of  extremely  light  density  and  therefore 
will  not  maintain  acceptable  stability  in 
external  flight,  or  when  it  is  desired  to  deny 
the  enemy  information  about  the  materiel 
being  transported. 

(8)  A combination  of  internal  and  exter- 
nal loading  normally  will  be  preferred  when 
it  is  necessary  to  utilize  fully  the  lift 


capability  of  a helicopter  or  aircraft,  and  j 

when  the  load  constitutes  a system  that 
should  not  be  separated. 

i 

One  of  the  problems  associated  with 
external  carriage  of  supplies  by  a helicopter 
is  that  a helicopter  in  flight  generates  and 
stores  a charge  of  static  electricity.  When  the 
helicopter  lands,  this  charge  is  grounded. 

While  the  helicopter  is  in  flight,  however, 
this  charge  remains  stored  unleu  a path  is 
provided  for  it  to  the  earth.  A ground 
crewman  can  provide  this  path  by  contacting 
the  helicopter  hook  when  it  is  positioned 
over  a cargo  hookup  or  release  point. 

Although  this  charge  cannot  cause  an 
electrical  burn,  it  can  invoke  a muscular 
reaction  that  may,  if  the  individual  con- 
cerned is  on  an  unsure  footing,  result  in 
injury  from  a fall.  An  individual  shocked  by 
the  electricity  may  also  suffer  delayed 
discomfort  from  muscular  cramps  or  spasms. 

To  avoid  the  possibility  of  ground  crew 
being  shocked  by  the  static  electricity,  a 
discharge  probe  is  used  ordinarily  to  ground 
the  cargo  hook. 

in  the  transport  of  materiel  by  helicopter, 
an  inherent  characteristic  of  the  helicopter 
that  must  be  considered  is  the  cyclic  vertical 
motion  produced  by  periodic  loading  and 
unloading  of  the  helicopter  blades  (Ref.  47). 

This  is  a low  frequency  motion  and  requires 
special  consideration.  Vertical  motion  fluctu- 
ations are  a function  of  the  number  of 
blades  in  the  rotor  and  the  rotor  rotation 
speed.  As  a rule  the  predominant  frequency 
is  given  by  the  formula 

where 

W ■ natural  frequency,  Hz 

B ■ number  of  blades  in  the  rotor, 
dimensionless, 

rpm  - revolutions  per  minute  of  the 
rotor. 

Any  load  containing  a spring  in  the  form  of 
a shock  mount  or  padding  must  be  checked 
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for  its  natural  frequency.  Under  no  circum- 
itancei  ihould  the  natural  frequencies  of  the 
system  to  be  carried  match  the  inherent 
frequencies  of  the  helicopter.  The  frequency 
spectra  to  avoid  for  several  helicopter  types 
are  as  follows: 


Helicopter  model 

CH-21 

CH-34 

CH-37 

CH-47 

UH-1 


Frequency,  Hz 

11.7- 17.5 
11.3-17.3 

13.7- 17.9 
10.2-13.1 

9.8-11.3 


Spring-mounted  loads  with  natural  frequen- 
cies lower  than  these  should  also  be  avoided 
aince  lower  frequencies  will  be  excited  as  the 
helicopter  rotor  comes  up  to  speed. 

Generally,  acceleration  measurements 
made  on  helicopter  primary  structures  lie 
below  the  1-G  level  (Ref.  6).  Rotary-wing 
aircraft,  of  course,  are  equally  subject  to 
landing  impact  as  are  fixed-wing  types,  and, 
In  many  military  operational  aituations.  high 
Intensity  landing  impacts  may  routinely  be 
encountered.  An  additional  haaard  in  the 
case  of  rotary-wing  aircraft  occurs  when 
cargo  Is  carried  in  an  external  mode  and  is 
subjected  to  buffeting  by  air  loads 


of  descent,  and  weight  of  the  load  to  be 
dropped. 

Materiel  that  is  capable  of  being  air- 
dropped by  parachute  with  the  use  of 
standard  impact  energy  diasipators  must  be 
able  to  survive  a maximum  impact  speed  of 
28.5  ft  s'1  which  is  based  on  airdrop  system 
performance  at  5,000  ft  altitude  and  I00*F. 
Nominal  rates  of  descent  of  airdrop  materiel 
at  sea  level  on  a standard  day  may  vary 
between  22  and  25  ft  s’1 . 

Airdrop  techniques  include  platform  air- 
drop, nonplatform  airdrop,  low  altitude 
airdrop,  retro-rocket  deceleration  systems 
recovery  parachutes,  rotating  decelerators, 
gliding  parachutes  of  flexible  wings,  ground- 
slide  airdrop,  high  altitude  airdrop,  and 
paraglider  delivery  using  helicopters.  Because 
of  this  variety  of  airdrop  methods,  it  is  not 
possible  to  detail  here  the  full  environments 
that  will  be  encountered  for  each  type  of 
airdrop.  For  further  Information  on  the 
design  of  materiel  for  air  transport  and 
airdrop,  the  reader  is  referred  to  AMCP 
706-130,  Design  for  Air  Transport  and 
Airdrop  of  Materiel  (Ref.  47). 


B-B.8.3  Other  Environmental  Factors 


5-5.6. 2.4  Airdrop  Transport.  Airdrop  in- 
volves air-to-ground  delivery  of  supplies  and 
equipment  by  dropping  them  from  aircraft 
in  flight.  It  is  used  either  for  mats  assaults 
(where  large  numbers  of  personnel,  supplies, 
and  equipment  are  airdropped  into  enemy- 
held  territory  to  establish  a poaition)  or  for 
resupply  to  forward  bates  (where  such  items 
as  rations,  ammunition,  water,  ftiel,  and 
medical  supplies  are  airdropped  into  terri- 
tory held  by  friendly  forces  in  order  to 
replenish  dwindling  stocks).  Current  airdrop 
systems  require  parachutes  for  aerial  delivery 
of  materiel  in  operational  condition  for 
support  of  combat  operations  (Ref.  6). 
These  parachutes  are  designed  for  deploy- 
ment speed,  deployment  altitude,  dedrable 
stability  characteristics  during  descent,  rate 


The  temperature  profiles  for  air-trans- 
ported materials,  Including  the  maximum 
and  minimum  materiel  temperatures  during 
actual  air  transportation  conditions,  using 
normal  routine  flights  of  the  Military  Airlift 
Command  have  been  determined  (Ref.  44). 
Various  transport  aircraft  on  flights  between 
the  United  States  and  Europe  were  moni- 
tored during  the  winter  season  to  emphasize 
cold  weather  operations.  After  each  aircraft 
was  loaded  with  cargo  and  ready  for  flight, 
thermocouple  probes  were  Installed  at  vari- 
ous depths  in  the  cargo  to  determine  t!,e 
thermal  profile  of  that  cargo.  The  cargo 
consisted  of  wooden  crates,  metal  or  card- 
board boxes,  and  bulk-filled  racks  tied  down 
to  metal  pallets.  A total  of  93  hr.  55  min  of 
flying  time  was  logged. 
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The  most  icvere  outside  temperatures 
occurred  at  high  altitudes.  Fig.  5-35  shows 
the  temperature  profile  for  one  such  flight 
in  which  the  outside  temperature  remained 
between  -60s  and  -75SF,  Note  that  the 
aircraft  cargo  compartment  floor  itself  never 
reached  a temperature  lower  than  0*F  and 
that  the  temperature  of  the  cargo  was 
significantly  higher.  Hie  temperature  in  the 
C-141  Is  held  at  nominal  room  temperature 
under  normal  situations.  Only  in  the  case  of 
pressure  Ion  does  the  ability  to  maintain 
temperature  become  compromised.  However, 
this  is  an  infrequent  happening,  and  the 
regulation  emergency  procedure  Is  to  bring 
the  aircraft  down  to  a lower  altitude  so  that, 
even  in  the  event  of  pressure  failure,  the 
cargo  would  not  be  subjected  to  the  extreme 
cold  of  high  altitudes.  For  all  of  the  flights 
and  aircraft  employed,  the  minimum  temper- 
ature for  air- carried  cargo  was  in  the 
neighborhood  of  20*  F.  The  inside  tempera- 
ture of  the  aluminum  skin  of  the  aircraft  is 
indicated  to  be  about  (PF  minimum.  In 
addition,  it  is  concluded  that  the  occurrence 
of  extenuating  circumstances  would  not 
cause  any  of  the  aircraft  to  surpass  this 
temperature  level  enough  of  the  time  to  be 
significant.  During  this  measurement  series, 
the  lowest  cargo  temperature  measured  was 
I9*F,  although  a minimum  true  outside  air 
temperature  of  -82* F was  recorded. 


When  materiel  transport  by  air  is  contem- 
plated, two  additional  factors  other  than 
shock,  vibration,  and  temperature  should  be 
considered.  First,  packages  may  be  stacked  5 
to  6 ft  high  in  cargo  planes- to  a maximum 
aircraft  floor  load  of  100  lb  ft**.  Second, 
the  atmospheric  pressure  decreases  from 
14.7  psi  at  sea  level  to  6.82  psi  at  20.000  ft 
ao  that,  for  hermetically  sealed  components, 
an  8-pai  pressure  differential  would  exist  at 
this  altitude.  Rate  of  change  in  pressure  will 
probably  be  slower  during  ascent  than 
during  descent.  Where  packs  fitted  with 
rubber  gaskets  are  considered,  it  is  conceiv- 
able that  a leak  might  occur  during  ascent  as 
exterior  pressure  is  reduced  and  that  a seal 
might  be  reestablished  during  descent  by 


virtue  of  increasing  pressure  on  the  top  of 
the  container. 

Because  of  the  rapidity  of  air  transport 
and  the  resulting  short  time  that  materiel 
experiences  the  air  transport  environment, 
factors  that  require  a long  time  to  produce 
deterioration  are  unimportant.  Except  for 
external  transport,  the  materiel  is  protected 
from  climatic  factors  such  as  snow,  ice,  rain, 
wind,  and  sand  and  duat  although  air- 
dropped materiel  has  survived  impact,  it  is 
exposed  to  the  full  terrestial  environment. 
Once  materiel  has  landed,  however,  it  is  no 
longer  in  the  transport  environment;  it 
usually  Is  in  the  operational  environment. 

B-B.7  ANIMAL  TRANSPORT 

Dogs,  pack  mules,  and  human  bearers  are 
used  on  occasion  by  the  military  for  the 
purpose  of  carrying  various  types  of  cargo. 
Trained  dogs  may  be  used  individually  or  in 
teams  to  transport  cargo  in  arctic  and 
subarctic  areas.  They  also  sec  limited  use  in 
temperate  tones  to  carry  messages  and  small 
packets  of  mall- usually  in  regions  inaccessi- 
ble to  other  means  of  transport.  The  Eskimo 
dog  or  husky  is  used  most  commonly  in 
arctic  and  subarctic  regions,  and  the  German 
shepherd  usually  is  used  in  temperate  zones. 
On  packed  snow  with  good  traction,  an 
Individual  dog  in  a sled  team  has  the 
cargo-carrying  capabilities  given  in  Table 
5-25.  On  soft  snow,  load  and  speed  must  be 
reduced  50  percent,  As  can  be  seen,  speed 
depends  on  terrain,  varying  from  almost  6 
mph  in  flat  terrain  to  1 mph  in  mountainous 
terrain.  On  hard  surfaces  with  good  traction, 
an  individual  dog  has  the  capabilities  for 
carrying  cargo  packs,  messages,  und  mail  as 
outlined  in  Table  5-26.  The  cargo  pack 
weight  must  be  reduced  from  35  lb  over  Hat 
terrain  to  25  lb  over  mountainous  terrain 
und  the  distance  must  be  reduced  by  a 
factor  of  approximately  2. 

For  pack  mules  the  average  dally  distuncc 
on  rolling  or  flat  terrain  is  24  mi  while  the 
average  daily  distance  in  mountainous  terrain 
is  12  mi.  For  human  bearers,  the  average 
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Figure  5-36.  Cmgo  Tempentun  Pram  for  C-141  Akxnft  Flight  (Ref.  44} 
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TAIL  I 6-28. 

OVIRSNOW  TRANSPORT  CAPABILITY  OP 
000  IN  SLfiO  TIAM  (Ref.  3BI 


Terrain 

Load. 

1b 

Distance  In  hr, 
ml 

Flat 

50 

6 

Hilly 

50 

3 

Mountainous 

50 

1 

mile  can  carry  80  lb  on  level  terrain  at  an 
average  rate  of  1 2 mi  per  day.  Tbe  diatancea 


covered  and  the  cargo  loada  are  reduced 
lignificantly  with  increaiing  terrain  steep- 
ness. 

For  the  moat  part,  however,  animal 
traniport  wldom  U employed  except  for 
advanced  support  within  the  context  of  the 
operational  environment.  The  environment 
to  which  animal-transported  materiel  is 
subjected  is  essentially  that  to  which  the 
materiel  will  be  subjected  In  its  operational 
or  service  environment  except  for  the  fact 
that  animal-transported  materiel  may  be 
protected  by  packaging  that  may  later  be 
removed. 


TABLI  5-26. 

PACK-CARRVINQ  CAPABILITtll  OF  000  ON  HAND  TIRRAIN  (Ref. SB) 


Terrain 

Load, 

, 1b 

Distance  In  hr.  ml 

Cargo  pack 

Massages  or 

mall 

Cargo  pack 

Massages  or 

mall 

Flat 

35 

SI 

2 

15 

Hilly 

30 

of 

dog's 

2 

10 

Mountainous 

25 

weight 

1 

5 
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CHAPTER  6 

STANDARDS  AND  SPECIFICATIONS 


••1  INTRODUCTION 

The  effects  of  environmental  factors  on 
Army  materiel  is  a function  of  two  general 
factors:  (l)  the  exposure  to  the  environment 
as  determined  by  the  existence  and  severity 
of  the  environmental  factors  and  the  life 
cycle  of  materiel  in  the  logistic  and 
operational  environments,  and  (2)  the  design 
of  the  materiel  and  its  protective  packaging 
as  determined  by  design  engineers  in  con* 
formance  with  applicable  standards  and 
specifications.  The  second  factor  is  the 
subject  of  this  chapter.  Standards  and 
specifications  provide  the  method  by  which 
accumulated  knowledge  and  experience  on 
how  to  make  equipment  resistant  to  environ- 
mental effects  is  incorporated  in  materiel 
design.  The  nature  of  the  materiel  entering 
the  life  cycle  environment  is  thus  deter- 
mined. The  functions  of  standards  ar.d 
specifications  are  much  broader  than  the 
assurance  of  environmental  protection:  these 
are  given  in  the  subparagraphs  that  follow. 

The  Department  of  Defense  (DOD)  is 
responsible  for  the  commitment  of  resources 
to  the  defense  posture  of  the  United  States. 
The  DOD  provides  the  impetus,  manage- 
ment, and  funding  for  the  production  of 
current  needs  and  for  the  design,  develop- 
ment, production,  and  logistic  support  of 
new  weapon  systems.  The  Defense  Stan- 
dardization Program  (DSP),  established  pur- 
suant to  the  Cataloging  and  Standardization 
Act  (Ref.  I)  and  implemented  by  DOD 
Directive  4 120. 3- M (Ref,  2),  is  the  principal 
program  utilized  in  the  achievement  of  these 
objectives.  The  DSP  provides  for  the  devel- 
opment, coordination,  and  mandatory  use  of 
specifications,  standards,  and  other  standard- 


ization documents,  and  produces  a profound 
influence  on  the  life  cycle  of  military 
materiel. 


The  life  cycle  of  military  materiel  en- 
compasses the  various  stages  through  which 
it  passes  from  initial  conception  to  disposal. 
These  phases  have  been  defined  as  concept 
formulation,  contract  definition,  develop- 
ment. production,  logistics,  and  operations 
(Ref.  2).  Standards  and  specifications  are  the 
principal  medium  through  which  the  DOD 
oversees  the  official  and  orderly  progression 
through  the  life  cycle  phases.  During  the 
concept  and  definition  phases,  materiel  is 
usually  defined  and  evaluated  in  terms  of 
performance  specification*  that  express  re- 
quirements in  the  form  of  output,  function, 
or  operation.  In  the  development  phase,  a 
complete  prototype  suitable  for  operational 
testing  It.  produced.  During  this  phase,  the 
item  is  listed  in  the  Federal  Supply  Catalog 
for  identification  purposes.  Such  things  as 
quantitative  requirements,  probable  opera- 
tional environments,  support  requirements, 
etc.,  are  determined.  To  make  these  deter- 
minations, additional  performance  and  de- 
sign specifications  that  further  define  and 
control  the  characteristics  of  the  materiel  are 
required.  This  is  accomplished  through  the 
medium  of  standards,  which  enhance  the 
design,  limit  cost,  and  reduce  support 
requirements  through  interchangeability. 

For  the  production  phase,  the  materiel  to 
be  procured  must  be  completely  defined 
through  specifications  that  in  turn  fully 
exploit  existing  standards.  Although  specifi- 
cations are  the  basic  procurement  document, 
reference  standards  are  an  integral  part  of 
specification.  Specifications  and  standards 
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assure  that  the  procured  item  will  have  the 
desired  characteristics  and  capabilities  and 
that  the  buyer,  user,  and  seller  are  in 
agreement  as  to  what  these  are.  Specifica- 
tions and  standards  control  competition 
during  the  production  phase  by  restricting  it 
to  manageable  questions  such  as  price  of 
delivery  items,  by  insuring  that  all  competi- 
tors are  on  an  even  basis  at  the  start  of 
negotiations,  and  by  preventing  an  unscrupu- 
lous bidder  from  producing  an  inferior  item. 
The  logistic  and  operational  phases  of  the 
materiel  life  cycle -including  distribution, 
storage,  handling,  and  maintenance  as  well  as 
use-are  controlled  through  the  medium  of 
standards  and  specifications  as  well. 


Standards  and  specifications  can  be  differ- 
entiated by  the  definitions  given  in  the 
Dtftnat  Standardization  Manual  (Ref.  2). 
Standards  are  defined  as  documents  that 
establish  engineering  and  technical  limita- 
tions and  applications  for  items,  materials, 
processes,  methods,  design*'  and  engineering 
practices.  Standardization  documents  include 
specifications,  standards,  handbooks,  quali- 
fied product  lists,  drawings,  codes,  and  such 
other  engineering  records  as  are  or  may  be 
used  for  comparable  purposes.  Specifications 
are  defined  as  the  documents,  intended 
primarily  for  use  in  procurement,  that 
clearly  and  accurately  describe  the  essential 
technical  requirements  for  items,  materials, 
or  services,  including  the  procedures  by 
which  it  will  be  determined  that  the 
requirements  have  been  met.  Specifications 
for  items  and  materials  may  also  contain 
preservation,  packaging,  packing,  and  mark- 
ing requirements.  In  practice,  especially  in 
the  private  sector,  the  relationship  between 
standards  and  specifications  is  confined.  In 
the  private  sector,  the  term  “specification” 
is  seldom  used,  and  many  standards  have 
titles  that  begin,  “Standard  Specification  for 
. . . .”  (Ref.  3).  Specifications  are  essentially 
purchase  documents  and,  in  the  private 
sector,  are  replaced  by  purchase  agreements, 
sales  contracts,  purchase  orders,  etc.,  that  in 
turn  refer  to  standards  snd  standard  specifi- 
cations. 


The  DOD  and  the  Federal  Government 
develop  and  publish  many  standards  and 
specifications.  Each,  along  with  the  relation- 
ship among  them.  Is  well  defined. 

“Standards  function  in  procurement 
through  the  medium  of  specifications. 
Thus,  they  are  used  to  standardize  one 
or  mote  features  of  an  item  such  as 
size,  value,  detail  of  configuration,  etc. 

In  equipment  specifications,  they  are 
referenced  to  standardize  on  those 
design  requirements  which  are  essential 
to  interchangeability,  compatibility,  re- 
liability, and  maintainability.  They  are 
prepared  to  provide  the  designer  with 
the  descriptions  and  the  data  normally 
required  for  selection  and  application. 
Standards  disclose  or  describe  the 
technical  features  of  an  item  in  terms 
of  what  it  is  and  what  it  will  do.  In 
contrast,  the  specification  for  the  same 
item  describes  it  in  terms  of  the 
requirements  for  procurement”  (Ref. 

2). 

The  DOD  Standardization  Program  Inter- 
faces with  other  segments  of  society  without 
significant  conflict  and  in  many  cases 
benefits  all  concerned.  Indeed,  standardiza- 
tion is  essential  not  only  to  the  military  but 
to  the  economic  survival  of  any  industrial 
society.  Virtually  all  nations  are  engaged 
increasingly  in  national  and  international 
standardization  activities.  The  DOD  is  also  a 
participant,  i.e.,  a contributor  and  a bene- 
factor, to  the  national  and  international 
standardization  activities. 


Military  specifications  affect  cost.  Gener- 
ally, commercially  available  items  can  be 
procured  at  a lower  price  than  like  items 
designed  to  meet  pertinent  military  stan- 
dards and  specifications.  This  is  true  because 
military  specifications  impose  additional  re- 
quirements on  the  materiel  that  increase  its 
production  cost.  Military  specifications,  al- 
though they  raise  costs,  are  necessary  in 
many  cases  involving  military  operations 
because  of  the  unique  requirements  of  the 
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military,  e.g.,  the  necessity  to  insure  reliabil- 
ity of  materiel  in  the  field.  Most  commer- 
cially available  materiel  is  designed  to 
operate  within  a rather  narrowly  specified 
environment.  This  environment  usually  is 
not  severe  with  respect  to  climate,  terrain, 
or  induced  environmental  factors. 

In  order  for  materiel  to  survive  and 
remain  operationally  useful  under  severe 
climates,  terrain,  and  induced  environments, 
it  is  necessary  to  invoke  special  requirements 
in  the  design  of  materiel  subject  to  these 
extreme  environments.  The  way  in  which 
materiel  characteristics  are  defined  for  the 
manufacturer  is  by  means  of  military 
standards  and  specifications.  The  military 
standards  and  specifications  inform  the 
manufacturer  of  the  exact,  required  charac- 
teristics of  the  materiel.  For  the  purchaser 
of  materiel,  military  standards  and  specifica- 
tions ideally  will  insure  that  materiel  pro- 
cured under  the  specifications  will  function 
in  its  assigned  task  under  the  conditions  it 
will  encounter  in  the  field.  It  is  true  that  in 
many  applications  military  materiel  is  used 
in  the  same  manner  as  its  commercial 
counterpart,  so  that  additional  requirements 
on  performance,  maintainability,  and  en- 
vironment are  not  required.  In  such  cases, 
commercially  available  materiel  may  be  used. 

On  the  other  hand,  it  is  not  infrequent 
that  the  military  will  require  materiel  with 
unusually  severe  requirements.  In  this  case 
equipment  specifications  may  take  exception 
to  geneially  accepted  military  specifications 
and  standards,  particularly  with  respect  to 
sensitive  components  or  systems.  For  exam- 
ple, various  items  of  materiel  have  been 
procured  by  the  military  that  have  specifica- 
tions significantly  more  stringent  than  the 
general  military  standards  and  specifications 
used  in  procuring  normal  military  materiel. 
Generally,  these  special  specifications  are 
written  and  enforced  in  order  to  protect 
sensitive  components,  to  obtain  extreme 
reliability  under  normal  conditions,  to  ob- 
tain reliability  under  abnormally  severe 
environment*.  or  to  assure  reliability  of  very 
sensitive  materiel  in  which  failure  might 


produce  catastrophic  consequences. 

These  types  of  weapon  systems  and 
materiel  with  extremely  severe  and  stringent 
specifications  have  been  built  in  the  past, 
and  it  is  recognized  that  they  will  continue 
to  be  built  in  the  future.  However,  since 
each  of  these  weapon  systems  or  items  of 
materiel  is  considered  as  a special  case, 
standards  and  specifications  as  applied  to 
these  special  cases  will  not  be  discussed 
herein.  Rather,  the  standards  and  specifica- 
tion* that  are  Involved  in  the  normal 
military  processes  of  procurement  of  mate- 
riel are  considered  to  be  those  of  interest  in 
a discussion  of  the  Impact  of  standards  and 
specification*  on  the  ability  of  materiel  to 
survive  environmental  effect*  during  its  life 
cycle. 

Par.  6-2  contain!  a limited  discussion  of 
voluntary  standards  and  specification!.  Thu 
general  subjects  of  Federal  standards  and 
specifications  and  military  standardization 
are  discussed  in  pars.  6-3  and  6-4,  respec- 
tively. In  par.  6-5  those  standardization 
documents  pertinent  to  a discussion  of  the 
effects  of  environment  on  materiel  are 
reviewed.  The  basic  meana  whereby  materiel 
is  proved  to  meet  environmental  require- 
ments during  the  procurement  cycle  is 
standardized  environmental  tests.  Essentially, 
items  of  materiel  are  subjected  to  a series  of 
environmental  tests,  and,  if  the  materiel  can 
survive  these  tests  and  operate  according  to 
specifications,  the  materiel  is  acceptable  and 
is  considered  to  be  capable  of  meeting  the 
environmental  extremes  for  which  the  mate- 
riel was  designed.  If  the  materiel  will  not 
perform  as  specified  following  or  during 
environmental  tests,  t equipment  will  not 
be  accepted  by  the  military  until  the 
manufacturer  makes  the  necessary  changes  in 
order  to  meet  the  specifications.  In  the  final 
analysis,  therefore,  the  standardized  environ- 
mental tests  determine  the  capability  of 
materiel  to  survive  environmental  exposure. 
Because  of  their  importance,  these  stan- 
dardized environmental  tests  are  discussed 
separately  in  par.  6*6. 
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6-1.1  HISTORICAL  PERSPECTIVE 

At  the  beginning  of  the  20th  century, 
railroads  were  standardizing  track  gages;  the 
American  Society  of  Mechanical  Engineers 
(ASME)  had  a standardization  committee  at 
work  and  had  standardized  pipe  and  pipe 
threads;  and  the  American  Society  for 
Testing  and  Materials  (ASTM)  had  been 
organized  to  promote  knowledge  of  the 
materials  of  engineering  and  the  standardiza- 
tion of  specifications  and  testing  methods. 
The  National  Bureau  of  Standards  was 
established  by  an  Act  of  Congress  in  1901 
and  has  continued  to  be  the  focal  point  in 
the  Federal  Government  for  determining 
basic  measurements  and  standards. 

The  American  Standards  Association 
(ASA)  was  founded  in  1918  to  serve  as  a 
clearinghouse  for  voluntary  nationally  coor- 
dinated safety,  engineering,  and  Industrial 
standards.  (The  ASA  was  renamed  the 
United  States  of  America  Standards  Institute 
in  1966,  and  subsequently  the  American 
National  Standards  Institute  in  1969.)  The 
American  National  Standards  Institute 
(ANSI)  is  the  U.S.  representative  in  the 
International  Organization  for  Standardiza- 
tion (ISO).  The  ANSI  includes  industrial 
firms,  trade  associations,  technical  societies, 
consumer  organizations,  and  Federal  Govern- 
ment agencies. 

There  was  a tremendous  growth  of  the 
standardization  movement  in  the  early 
1920’s  which  gave  rise  to  a multiplicity  of 
standards  of  all  types.  Trade  associations, 
engineering  societies,  private  firms,  inter- 
national and  Government  groups  were  en- 
gaged in  drafting  and  recommending  stan- 
dards, resulting  in  a considerable  duplication 
of  effort,  since  many  standards  were  de- 
signed to  meet  the  particular  needs  of  the 
respective  groups.  Recognition  of  this  fact 
led  to  the  formation  of  national  ttandards 
bodies. 

In  1910,  the  Government  established  the 
General  Supply  Committee  as  a central 
procurement  activity.  This  was  the  first 


official  recognition  of  the  necessity  and 
value  of  buying  in  accordance  with  standards 
and  specifications.  In  1921,  the  Federal 
Specification  Board,  whose  membership  con- 
sisted of  representatives  from  each  Govern- 
ment department  or  agency  and  from 
industry  was  formed  to  compile  or  adopt 
and  publish  Government  specifications  for 
materials  and  supplies  and  to  insure  that 
theu  specifications  were  in  accord  with  the 
best  commerical  practice.  Also  in  1921,  the 
Federated  American  Engineering  Societies 
organized  a committee  to  see  how  much 
watte  could  be  eliminated  by  reducing 
need  leu  varieties  of  commodities.  This 
committee  stimulated  another  wave  of  vol- 
untary standardization  which  emphasized 
such  matters  at  dimensional  standards,  mate- 
rial specifications,  and  testing,  drafting 
practices,  definitions,  and  symbols  used  in 
engineering. 

Military  standardization,  bom  of  neces- 
sity, also  has  a long  history.  In  the  early 
20th  century,  several  military  groups  estab- 
lished specifications  for  items  peculiar  to 
their  activities.  These  specifications  were 
necessitated  by  a lack  of  standardization 
within  industry.  As  its  standardization  activi- 
ties increased,  the  military  increasingly 
worked  with  the  Federal  Specifications 
Board,  the  American  Standards  Association, 
the  National  Bureau  of  Standards,  and  with 
engineering  societies  and  trade  associations. 
The  military's  interest  wu  twofold:  (1)  it 
was  concerned  about  the  indiscriminately 
large  range  of  specifications  available  for 
procurement  of  supplies,  and  (2)  it  benefited 
from  the  results  of  many  research  and 
engineering  problems  being  investigated  and 
solved  by  industry.  Although  the  military 
departments  did  not  formally  recognize 
industrial  standards  until  the  late  1940's, 
they  tacitly  accepted  the  benefits  resulting 
from  them  as  exemplified  by  the  frequently 
specified  requirement:  “Shall  be  made  in 
accordance  with  the  best  commercial  prac- 
tice”. Early  nonmiiitary  standards  adopted 
for  use  by  the  War  Department  include,  for 
example,  the  acceptance  in  1917  of  a Color 
Card  developed  by  the  Textile  Color  Card 
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AaaocUtion  of  the  United  Stitci  arid  a 1919 
■pacification  that  required,  in  pert,  that 
motor  starters  and  controller*  conform  to 
the  standardization  rules  of  the  American 
Institute  of  Electrical  Engineers  (AIEE)  and 
to  the  regulatkns  of  the  National  Electrical 
Code  for  electrical  wiring  and  apparatus. 

In  1937,  the  military  services  organized  a 
Joint  standardization  activity,  known  as  the 
Working  Comndttee,  which  became  responsi- 
ble for  the  prer -nation  of  specifications  in 
the  aeronautical  area.  In  1941,  the  Signal 
Corps  established  a Standards  Office  to 
develop  ipeciflcetlona  for  electronic  parts 
which,  at  that  time,  were  critics!  to 
expending  communications  end  to  the  devel- 
opment of  mdar.  The  Army-Navy  Joint 
Specification  Council  end  Board,  established 
in  194S,  developed,  on  e limited  scale,  Joint 
Army-Navy  (JAN)  specifications  to  support 
procurement.  In  1947.  the  National  Security 
Act  created  the  Munitions  Board  which 
established  the  Munitions  Board  Standards 
Agency.  In  1931,  the  Secretary  of  Defense 
directed  that  all  new  atandards  and  specifica- 
tions be  issued  in  either  the  Federal  or 
Military  series,  and  that  all  existing  service 
and  departmental  specifications  be  converted 
to  the  Federal  or  Military  series. 

In  1932,  the  Defense  Cataloging  and 
Standardization  Act  (Ref.  1)  crested  the 
Defense  Supply  Management  Agency 
(DSMA)  as  a separate  element  of  the 
Department  of  Defense.  This  Act  required 
use  “to  the  higheit  degree  practicable''  of 
standardized  items  throughout  the  Depart- 
ment of  Defense  by  developing  and  using 
single  specifications;  eliminating  overlapping 
and  duplicate  specifications;  and  reducing 
the  number,  sizes,  and  kinds  of  items  that 
are  generally  similar. 

Department  of  Defense  Directive  4120.3, 
{■sued  in  February  1933,  established  “a 
single  integrated  Department  of  Defense 
Standardization  Program,  controlled  and 
directed  by  the  Office  of  the  Secretary  of 
Defense  which  will  include  the  effective 
management  of  specifications,  standards, 


drawings,  standardization  handbooks,  quali- 
fied products  lists,  and  engineering  recorde” 
(Ref.  2). 

6-141  SOURCES  OF  8TANOARD8  AND 
VECIPICATION6 

There  are  numerous  sources  of  standards 
and  specifications  in  the  United  States,  both 
private  and  governmental.  A 1971  National 
Bureau  of  Standards  (NBS)  publication,  for 
example,  Indexes  more  than  19,000  Volun- 
tary engineering  and  related  standards,  speci- 
fications, test  methods,  and  recommended 
practices  published  by  some  350  technical 
societies,  professional  organizations,  and 
trade  associations  (Ref.  4).  This  index  of 
documents  does  not  include  Federal  and 
military,  food  and  drug,  local  government 
(State,  county,  and  city),  foreign,  or  com- 
pany standards  and  specifications.  Another 
NBS  publication  lists  486  U.S.  organizations 
that  conaider  standardization  to  be  a major 
or  important  part  of  their  work  (Ref.  3). 
Another  excellent  directory  of  sources  for 
standards  and  specifications  has  been  pre- 
pared by  StrugUa  (Ref.  6). 

The  Federal  Government  Is  a major 
contributor  to  national  standardization. 
Governmental  involvement  with  voluntary 
standards  is  a public  service  to  manufac- 
turers, distributors,  consumers,  and  others 
interested  in  establishing  requirements.  These 
standards  and  specifications  are,  in  general, 
mandatory  only  for  governmental  purchas- 
ing; however,  they  are  increasingly  Imposed 
as  requirements  in  the  private  sector  in  the 
public  Interest.  The  1970  Occupational 
Safety  and  Health  Act,  for  example,  effec- 
tively ended  the  voluntary  status  of  many 
previously  voluntary  standards  and  specifica- 
tions. In  the  discussions  of  governmental 
sources  of  standards  and  specifications  that 
follow,  the  voluntary  status  of  many  of 
these  standards  and  specifications  is  not 
clearly  defined. 

Federal  standards  and  specifications  and 
military  standards  and  specifications  sre, 
collectively,  the  largest  single  source  of 
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standards  and  specifications  with  approxi- 
mately  SO, 000  currently  in  effect.  Two 
major  Indexes  are  the  annual  Index  of 
Federal  Specifications  and  Standards  (Ref. 
7)  and  the  annual  Department  of  Defense 
Index  of  Specifications  and  Standards 
(DOD1SS)  (Ref.  8).  These  Federal  Govern- 
ment standards  and  specifications,  whenever 
appropriate,  are  mandatory  only  upon  the 
Federal  Government;  however,  they  are 
frequently  adapted  or  adopted  for  voluntary 
private  use  and  some  have  been  coordinated 
by  the  American  National  Standards  Insti- 
tute (ANSI)  as  voluntary  consensus  stan- 
dards; e.g.,  MIL-STD-105  has  become  ANSI 
Number  Z 1.4*  1971,  Sampling  Procedures 
and  Tables  for  Inspection  by  Attributes 
(Ref.  9). 

6-2  VOLUNTARY  STANDARDS  AND 
SPECIFICATIONS 

An  industrislized  society  is  vitally  depen- 
dent upon  thousands  of  nationally  recog- 
nized and  accepted  standards.  Every  segment 
of  society  is  dependent  upon  standards  and 
the  benefits  from  them.  The  Government,  In 
response  to  the  general  public  welfare, 
requires  standards  for  sound  procurement  of 
goods  and  services,  for  implementation  of 
legislated  programs  for  health  and  safety, 
and  for  implementation  of  service  programs, 
including  transportation,  communication, 
and  national  defense.  As  commerce  and 
cooperative  efforts  increasingly  transcend 
national  boundaries  (e.g.,  resource  develop- 
ment and  national  defense),  international 
rather  than  national  standards  are  required. 

Voluntary  standardization  is  an  old  and 
well-established  tradition  in  the  United 
States.  The  professional  and  technical  soci- 
eties and  trade  associations  develop  stan- 
dards, and,  when  additional  recognition  or 
acceptance  is  needed,  coordinating  institu- 
tions initiate  procedures  to  gain  a consensus 
with  consequent  national  stature  for  the 
standard,  All  segments  of  the  society, 
including  the  Federal  Government,  are  free 
to  use  these  standards.  These  voluntary 
standards  may  also  be  presented  to  the 


international  community  as  National  Con- 
sensus Standards. 

In  recent  years,  congressional  legislation 
has  made  many  voluntary  consensus  stan- 
dards, developed  in  the  private  sectors, 
mandatory  in  certain  areas.  In  implementing 
the  Occupational  Safety  and  Health  Act 
(Public  Law  91-S96),  for  example,  more 
than  100  National  Consensus  Standards  are 
cited.  Other  familiar  areas  include  auto- 
mobile tires,  safety  belts,  radiation,  and 
flammable  fabrics.  Also,  certain  Federal  and 
military  specifications  that  were  developed 
by  Government  agencies  and  mandatory 
only  upon  the  Federal  Government  have 
been  reviewed  and  accepted  as  voluntary 
National  Consensus  Standards. 

641  THE  AMERICAN  NATIONAL  STAN- 
DARDS INSTITUTE 

The  American  National  Standards  Insti- 
tute (ANSI)-a  private,  nonprofit  federation 
of  trade,  technical,  professional,  labor,  and 
consumer  organizations,  business,  and 
Government  agencies- is  the  major  clearing- 
house and  coordinating  agency  for  voluntary 
standardization  in  the  United  States. 

The  Institute  approves  a standard  when  It 
receives  evidence  that  all  national  groups 
concerned  with  the  development  of  a 
particular  standard  have  been  given  an 
opportunity  to  cooperate  in  its  development 
and  have  reached  substantial  agreement  on 
its  provisions.  ANSI  also  represents  the 
interest  of  the  United  States  in  international 
standardization  work  carried  out  by  such 
nontreaty  organizations  as  the  International 
Organization  for  Standardization  (ISO),  the 
International  Electrotechnical  Commission 
(1EC),  and  the  Pan  American  Standards 
Commission  (COPANT)  (Ref.  10).  Organiza- 
tion of  ANSI  is  indicated  in  Fig.  6-1. 

ANSI’s  recognition  as  the  National  Stan- 
dards Organization  for  the  United  States  is 
de  facto  recognition  and  not  official.  The 
United  States  Is  the  only  participant  in  the 
International  Organization  for  Standardiza- 
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tk>n  and  in  other  international  standard* 
group*  without  an  officially  recognized  and 
aponaored  member.  ANSI’*  recognition  a* 
the  U S representative  in  theie  international 
affaira  ha*  evolved  without  significant 
governmental  aupport  or  financing.  It  it 
aignifkant,  however,  that  legislation  haa 
made  many  ANSI  atandarda  and  ipeciflca- 
tiont  mandatory  for  the  U S industrial 
community.  Many  governmental  programs 
have  specified  adherence  to  certain  American 
National  Standards;  e.g.,  building  codes  and 
regulations,  information  processing,  flam- 
mable fabrics,  radiation,  and  high-pressure 
gas  pipelines. 

ANSI  does  not  develop  the  standards  or 
specifications  Itself  but  utilizes  the  technical 
expertise  of  its  member  bodies;  i.e„  the 
organizations  and  companies  that  comprise 
the  federation.  ANSI  has  three  methods  for 
evolving  standards.  In  each  case  interested 
and  affected  parties  among  the  public  are 
given  ample  opportunity  to  comment  on  the 
proposed  document  at  various  stages  of 
development.  In  one  method  (the  canvass 
method)  an  interested  group  writes  or 
commissions  the  writing  of  a proprietary 
standard  and  submits  it  to  a ballot  by 
knowledgeable  individuals  and  organizations. 
These  individuals  and  organizations  vote  by 
letter  ballot  on  the  standard.  The  ANSI 
Board  of  Standards  Review  examines  the 
completed  standard  and  the  results  of  the 
ballot.  A second  method  (the  committee 
method)  employs  a committee  representing 
the  interest  of  substantially  affected  groups. 
This  committee  is  established  through  ANSI 
with  an  Interested  organisation  designated  as 
secretariat.  The  committee  then  writes  a 
standard  which  is  voted  on  by  the  members 
of  the  committee  and  examined  by  ANSI 
Board  of  Standards  Review.  In  a third 
method,  organizations  that  use  standard 
development  procedures  meeting  the  ANSI 
consensus  principles  may  submit  their  stan- 
dards directly  to  the  Institute  for  considera- 
tion and  potential  approval.  If  the  docu- 
ments are  approved,  they  may  be  designated 
American  National  Standards  after  review  by 
the  ANSI  Board  of  Standards  Review.  The 
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purpose  of  these  procedures  it  to  insure  that 
any  documents  given  the  designation  Ameri- 
can National  Standards  is  a consensus 
standard  that  has  received  cloae  examination 
by  a broad  cross  section  of  concerned  and 
affected  parties. 

At  the  present  time,  almost  5,000  Ameri- 
can National  Standards  are  in  use  and  many 
more  are  in  development,  Some  typical 
examples  include  such  things  as  the  consis- 
tency and  performance  of  Portland  cement, 
safety  requirements  on  elevators,  data  pro- 
cessing practices,  sizes  and  shapes  of  electri- 
cal plugs  and  receptacles,  and  the  sizes  of 
screw  threads  and  bolts.  A number  of 
American  National  Standards  have  been 
referenced  for  use  as  military  specifications, 
and  many  military  specifications  have  been 
approved  a*  American  National  Standards. 
For  example,  techniques  first  devised  to  teat 
the  shock  resistance  of  naval  equipment 
were  adapted  for  wider  application  and 
published  as  an  ANSI  standard  which 
describes  the  design,  construction,  and  oper- 
ation of  a Class  HI  shock  testing  machine. 

Approximately  200  representatives  from 
the  Defense  Department  and  the  Coast 
Guard  participate  in  the  work  of  ANSI. 
DOD  participants  in  ANSI  work  have 
experience  in  areas  related  to  research, 
engineering,  and  development  of  Army. 
Navy,  and  Air  Force  weapon  systems  and 
equipment,  including  specialized  research 
and  engineering  in  flight  dynamics,  elec- 
tronics, ship  engineering,  underwater  sound, 
photography,  medicine,  construction  and 
civil  engineering,  and  many  other  scientiflc 
and  technical  fields.  Coast  Guard  personnel 
have  participated  in  work  on  merchant 
marine  technology  and  marine  Inspection 
standards. 

0-24  THK  AMERICAN  SOCIETY  FOR 
TCSTINQ  AND  MATERIALS 

The  American  Society  for  Testing  and 
Material*  (ASTM)  which  is  the  world's 
largest  developer  of  voluntary  consensus 
standards,  wu  founded  in  1898  “for  the 


r 


AMCMOfrlia 


Promotion  of  Knowledge  of  the  Materials  of 
Engineering  and  the  Standardisation  of 
Specification  and  the  Methods  or  Testing". 
It  it  an  international,  privately  financed, 
nonprofit,  technical,  scientific,  and  educa- 
tional society.  Among  its  publications  is  the 
33  volume  Book  of  ASTM  Standards  which 
is  published  annually  (Ref.  3).  The  1972 
edition  comprises  over  31,000  pages  and 
includes  more  than  4,500  standards  and 
tentative  standards.  Standards  developed  by 
ASTM  may  be  specifications,  methods  of 
test,  recommended  practices,  or  definitions. 
ASTM  standards  me  known  and  respected 
around  the  world. 

ASTM  has  more  than  109  main  technical 
committees  covering  the  entire  spectrum  of 
materials  research  and  standards  develop* 
ment.  These  committees,  staffed  by  some 
14,000  technical  experts  drawn  from 
ASTM's  22,000  active  members,  adhere  to 
procedures  and  regulations  designed  to 
Insure  balanced  representation  among  pro- 
ducers, consumers,  the  Government,  and 
other  concerned  interests,  and  to  achieve 
impartiality  by  consensus  fai  the  develop* 
ment  of  standards  and  specifications.  (For 
ASTM  purposes,  a consensus  is  substantial 
agreement  by  concerned  interests  according 
to  the  judgment  of  a duly  appointed 
authority.  It  implies  more  than  a simple 
majority,  but  it  does  not  necessarily  mean 
unanimity  (Raf.  1 1». 

Although  somewhat  out  of  date,  a 1964 
survey  found  that  ASTM  had  produced 
3,253  of  a total  of  13,675  nationally  used 
standards.  The  next  single  lamest  contributor 
was  the  Society  of  Automotive  Engineers 
(SAE)  with  2,129  (Ref.  12). 

£2..|  OTHER  NON- GOVERNMENT 

•OUNCES  OF  VOLUNTARY  STAN- 
DARDS 

Other  sources  of  national  voluntary  stan- 
dards and  specifications  are  given  In  Table 
6-1.  Addresses  and  telephone  numbers  of 
each  source  are  also  included,  Additional 
information  about  any  source  can  be 


obtained  by  communicating  directly  with 
the  source  or  by  consulting  a directory  (e.g., 
Ref.  13).  Table  6-1  is  not  complete; 
complete  indexes  of  sources  of  voluntary 
standards  and  specifications  are  available 
elsewhere  (Refs.  4-6).  The  table  includes 
only  sources  that  have  contributed  to 
ANSI's  inventory  of  American  National 
Standards  or  have  developed  standards  or 
specifications  that  are  related  to  military 
material.  Standardisation  documents  devel- 
oped by  sources  followed  by  an  asterisk,  and 
those  developed  by  ASTM  and  ANSI,  can  be 
readily  adopted  for  use  by  the  DOD. 

6-2.4  THE  NATIONAL  BUREAU  OF 
STANDARD! 

The  National  Bureau  of  Standards  (NBS) 
was  established  by  an  act  of  Congress  on  3 
Match  1901  and  charged  with  the  responsi- 
bility to  cooperate  with  other  Government 
agencies  and  with  the  private  sector  in  the 
establishment  of  standard  practices  incorpor- 
ated in  codes  and  specifications.  Today,  in 
addition  to  serving  as  the  nation’s  central 
measurement  laboratory,  it  is  s principal 
focal  point  in  the  Federal  Government  for 
assuring  maximum  application  of  the  physi- 
cal and  engineering  sciences  to  the  advance- 
ment of  technology  in  industry  snd  com- 
merce. To  this  end  the  Bureau  conducts 
research  and  provides  central  national  ser- 
vices in  four  broad  program  areas-(l)  basic 
measurements  and  standards,  (2)  materials 
measurements  and  standards,  (3)  technologi- 
cal measurements  and  standards,  and  (4) 
transfer  of  technology  The  Bureau  com- 
prises the  Institute  tor  Buie  Standards,  the 
Institute  for  Materials  Research,  the  Institute 
for  Applied  Technology,  the  Center  for 
Radiation  Research,  the  Center  for  Com- 
puter Sciences  and  Technology,  and  the 
Office  of  Information  Programs. 

£2.4.1  Institute  for  Buie  Standards 

The  Institute  for  Basic  Standards  (I) 
provides  the  central  basis  within  the  United 
States  of  a complete  and  consistent  national 
system  of  physical  measurements,  (2)  coor- 
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TABLK  0-1. 

OTHIR  NON-QOVIRNMINT  SOURC1S  OF  VOLUNTARY  STANDARJC  AND  WfCIPICATIONt 


1.  American  Society  of  Civil  Engineers  (ASCE) 

United  Engineering  Center 

345  East  47th  St. 

New  York,  N.Y.  10017 
(212)752-6800 

Founded  In  1852,  62,000  members 

2.  American  Society  of  Heating,  Refrigerating  and 

Air  Conditioning  Engineers,  Inc.  (ASHRAE)* 

345  East  47th  St. 

New  York,  N.Y.  10017 
(212)752-6800,  ext.  360  or  361 
Founded  In  1894,  25,000  members 

3.  American  Society  of  Mechanical  Engineers  (ASME)* 

345  East  47th  St. 

New  York,  N.Y.  10017 
(212)762-6800 

Founded  In  1880,  64,126  members 

4.  American  Society  of  Safety  Engineers 
850  Busse  Highway 

Park  Ridge,  111.  60068 

(312) 692-4121 

Founded  In  1911,  91,000  members 

6.  American  Society  of  Sanitary  Engineering  (ASSE) 

228  Standard  Bldg. 

Cleveland,  Ohio  44113 
(216)621-8520 

Founded  In  1906,  2,500  members 

6.  American  Society  of  Traffic  and  Transportation,  Inc. 
22  West  Madison  St.,  Itn.  404 

Chicago,  111.  60602 

(313) 263-3818 

Founded  In  1946,  2,100  members 

7.  American  Water  Works  Association,  Inc.  (AWWA) 

2 Park  Avenue 

New  York,  N.Y.  10016 
(212)686-2040 

8.  American  Welding  Society  (AWS)* 

345  East  47th  St. 

New  York,  N.Y.  10017 
(212)752-6800 


See  footnote  at  end  of  table. 
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9.  Conveyor  Equipment  Manufacturer's  Association  (CEMA) 
1000  Vermont  Avenue.  N.W.,  Suite  504 
Washington,  D.C.  20005 
(202)628-4634 

10.  Edison  Electric  Institute  (EEI) 

750  Third  Avenue 

New  York,  N.Y.  10017 
(212)986-4100 

11.  Electronic  Industries  Association  (EIA)* 

2001  Eye  St.,  N.W. 

Washington,  D.C.  20006 
(202)669-2200 


12.  Federation  of  Societies  for  Paint  Technology  (FSPT) 

121  South  Broad  St. 

Philadelphia,  Pa.  19107 
(215)546-1506 

13.  Illuminating  Engineering  Society  (IES) 

345  East  47th  St. 

New  York,  N.Y.  10017 
(212)752-6800 

14.  Institute  of  Electrical  and  Electronics  Engineers,  Inc.  (IEEE) 
345  East  47th  St. 

New  York,  N.Y.  10017 
(212)752-6800 

15.  Institute  of  Makers  of  Explosives  (IME) 

420  Lexington  Avenue 

New  York,  N.Y.  10017 
(212)689-3237 

♦Standardization  documents  developed  by  these  sources  can  be 
readily  adopted  by  the  DOD. 


dinatei  that  system  with  measurements  the  Institute  of  Basic  Standards  is  with  the 

systems  of  other  nations,  and  (3)  furnishes  International  System  of  Units.  This  system  is 

essential  services  leading  to  accurate  and  based  upon  six  quantltles-inase,  length, 

uniform  physical  measurements  throughout  time,  temperature,  electric  current,  and 

the  nation's  scientific  community.  Industry,  luminous  intensity.  All  other  physical  quan- 

and  commerce.  The  broad  nature  of  this  titles  cun  be  derived  from  these  six. 

responsibility  requires  work  at  many  levels 

of  technical  sophistication;  however,  the  62.4.2  Institute  for  Materials  Research 

critical  contributions  in  measurement  usually 

lie  at  the  frontiers  of  science  and  engineer-  The  Institute  for  Materials  Research  con- 

ing. Consequently,  an  important  activity  of  ducts  materials  research  leading  to  improved 
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methods  of  measurements,  standard*,  and 
data  on  the  properties  of  material*  needed 
by  industry,  commerce,  educational  institu- 
tions,  and  the  Government.  It  develops, 
produces,  and  distributes  standard  reference 
materials,  relates  the  physics!  and  chemical 
properties  of  materials  to  their  behavior  and 
their  interaction  with  their  environments, 
and  provides  advisory  and  research  services 
to  other  Government  agencies. 

•>2.0,  Institute  for  Applied  Teehnoiofy 

The  Institute  for  Applied  Technology  (I) 
provides  technical  services  to  promote  the 
use  of  available  technology  and  to  facilitate 
technological  innovation  in  Industry  and 
Government.  (2)  cooperates  with  public  and 
private  organizations  in  the  development  of 
technological  standards  and  test  methodolo- 
gies, and  (3)  provides  advisory  and  research 
services  for  Federal,  State,  and  local  govern- 
ment agencies. 

A significant  standardization  activity  of 
the  NBS  Institute  for  Applied  Technology  is 
the  development  of  Voluntary  Product 
Standards.  The  Institute’s  Office  of  Engi- 
neering Standards  works  closely  with  scien- 
tific and  trade  associations  and  organiza- 
tions, business  firms,  testing  laboratories, 
and  other  appropriate  groups  to  develop 
Voluntary  Product  Standards  under  pro- 
cedures established  by  the  Department  of 
Commerce.  These  standards  may  include 
dimensional  requirements  for  standard  sizes 
and  types  of  various  products;  technical 
requirements;  and  methods  of  testing,  grad- 
ing. and  marking.  The  objective  of  a 
Voluntary  Product  Standard  is  to  establish 
requirements  that  are  in  accordance  with  the 
principal  demands  of  an  industry  and  at  the 
same  time  are  not  contrary  to  the  public 
interest. 

NBS  provides  editorial  assistance  in  the 
preparation  of  Voluntary  Product  Standards, 
supplies  assistance  in  review  to  enhance  the 
technical  soundness  of  a standard,  and 
publishes  the  standard.  In  the  role  of  an 
unbiased  coordinator,  NBS  determines  that 


the  standard  it  representative  of  the  views  of 
all  concerned  interests  and  seeks  satisfactory 
adjustment  of  valid  points  of  disagreement. 
Industry  customarily  initiates  the  develop- 
ment of  a standard,  participates  in  its 
development,  provides  technical  counsel,  and 
promotes  the  use  of  and  support  for  the 
standard.  When  general  Industry  agreement  is 
obtained  on  a standard  and  when  there  is  no 
substantive  objection  deemed  valid  by  NBS. 
approval  of  the  Voluntary  Product  Standard 
is  announced  and  published  by  NBS.  Al- 
though the  adoption  and  use  of  the  standard 
is  completely  voluntary,  it  may  be  used  in 
conjunction  with  legal  documents  (e.g„  as 
sales  contracts,  purchase  orders,  and  building 
codes)  making  compliance  with  the  standard 
enforceable, 

Department  of  Commerce  procedures  also 
require  that  all  Voluntary  Product  Standards 
be  reviewed  within  S yr  after  issuance  or  last 
revision.  Standards  will  be  revised  or  with- 
drawn if  obsolete,  technically  inadequate,  no 
longer  acceptable  to  or  used  by  the  industry, 
or  not  in  the  public  interest. 

Revised  procedures  for  the  development 
of  Voluntary  Product  Standards  were 
printed  in  the  Ftdtral  Rtglster.  and  copies 
are  available  from  NBS  (Ref.  14). 

Voluntary  Product  Standards  were  pre- 
viously called  Simplified  Practice  Recom- 
mendations and  Commercial  Standards.  As 
these  two  types  of  standards  increasingly 
overlapped,  the  term  Voluntary  Product 
Standards  was  selected  to  identify  future 
standards  developed  through  this  program. 
As  existing  Simplified  Practice  Recommenda- 
tions and  Commercial  Standards  are  re- 
viewed, they  become  Voluntary  Product 
Standards  (Refs.  5,1 5). 

In  FY  69  the  NBS.  through  its  Office  or 
Engineering  Standards,  took  a step  toward 
improving  communication  among  the  na- 
tion's standards-writing  group*  by  announc- 
ing the  availability  of  Information  on 
engineering  and  related  standards  and  specifl- 
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cations.  A Key-Word- In-Con  text  Index  was 
compiled  which  lists  19,000  voluntary  en- 
gineering and  related  standards  from  3S3 
national  trade,  professional,  and  technical 
societies  alphabetically  by  each  key  word  in 
their  titles,  and  lists  the  sponsoring  group 
for  each  standard  (Ref.  4).  This  index  will 
aid  individuals  In  determining  if  standards 
exist  in  their  areas  of  interest  and  in  locating 
groups  that  could  answer  questions  on 
specifications  and  standards.  A need  for  this 
type  of  information  is  evidenced  by  the 
S.600  inquiries  regarding  standaids  and 
standardization  activities  received  in  FY  69. 

Other  standards  activities  at  NBS  include 
the  development  of  Federal  standards  for 
automatic  data  processing  equipment,  the 
operation  of  the  National  Standard  Refer- 
ence Data  System,  publication  of  many 
standards-related  documents,  and  participa- 
tion in  many  other  standards  activities. 

•-2.6  OTHIR  QOVIRNMINT  STAN- 
DARDIZATION ACTIVITIIS 

The  Range  Commanders  Counsel,  Inter- 
range Instrumentation  Group,  is  active  in 
standardization  of  systems,  equipment,  and 
processes  in  fields  related  to  missile  test 
range  Instrumentation.  Specific  areas  of 
concern  to  this  group  include  electronic 
tracking  systems,  telemetry  systems,  time 
generation  and  distribution  systems,  fre- 
quency regulation,  computers  and  related 
data  conversion  and  formatting  equipment, 
and  meteorological  systems. 

Other  Government  agencies  involved  in 
the  development  of  standards  and  specifica- 
tions that  are  likelv  to  be  of  less  general 
military  interest  an  tabulated  in  Table  6-2 
(Ref.  6). 

6-2.6  INTERNATIONAL  STANDARDS 

World  War  I and  rapidly  expanding  world 
trade  following  the  war  gave  impetus  to 
international  standardization  efforts  in  the 
early  1920’s.  At  that  time  private  industry 
made  aome  significant  standardization  pro- 
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gress  through  routine  commercial  and  en- 
gineering interchanges.  In  1922,  for  example, 
an  estimated  90  percent  of  all  ball  bearings 
were  being  manufactured  to  dimensions  that 
were  standard  internationally,  and  there  was 
international  accord  on  the  width  and  flats 
of  nut  and  bolt  heads  and  on  dimensions  for 
wrench  openings  (Ref.  16). 

The  Allied  Powers  of  World  War  I, 
frustrated  and  hampei<  J by  a lack  of 
standardization  during  the  war  effort,  met  in 
New  York  in  1926  and  formed  the  Inter- 
national Federation  of  National  Standardiz- 
ing Bodies  (ISA).  Though  short  lived,  the 
ISA  made  several  significant  contributions  to 
International  standardization.  e,g„  the  ISA 
made  the  inch-millimeter  conversion  ratio  a 
world  standard,  udopted  a system  of  pre- 
ferred numbers,  and  standardized  the  locu- 
tion of  sound  tracks  on  16  mm  film. 


&2.6.1  International  Organization  for  Stan- 
dardiaation 

The  most  Important  organization  in  inter- 
national standardization  Is  the  International 
Organization  for  Standardization  (ISO), 
made  up  of  the  national  standards  bodies  of 
70  countries.  ANSI  represents  U.S.  interest 
in  this  body  und  is  a source  for  ISO 
standards.  The  purpose  of  ISO  Is  to  promote 
international  agreement  on  stundurds  In  the 
interest  of  trade  expansion,  increased  pro- 
ductivity, and  improved  quality  and  lower 
prices  of  Roods  and  services.  When  first 
created,  ISO’s  efforts  were  concentrated  In 
uttempts  to  harmonize  the  national  stan- 
dards of  its  member  countries.  Recent  years 
have  seen  a dramatic  increase  in  Interest  in 
international  standardization  und  a growing 
demand  for  international  standards.  The 
factors  that  have  accelerated  this  Interest 
Include  the  removal  of  many  tariff  barriers 
to  trade  and  the  development  of  multina- 
tional companies  which  find  their  commer- 
cial activities  hampered  by  conflicting  na- 
tional standards. 

Currently,  there  are  approximately  2,000 
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TABLE  6-2. 

OTHER  GOVERNMENT  AGENCIES  INVOLVED  IN  THE  DEVELOPMENT 
OF  STANDARDS  AND  SPECIFICATIONS 

Small  Business  Administration  (SBA) 

Navy  Standardization  Board  (NSB) 

Public  Health  Service  (PHS) 

Department  of  Agriculture 

Federal  Radiation  Council  (FRC) 

Federal  Housing  Authority  ( FHA) 

Bureau  of  Public  Roads 

National  Research  Council  (NRC)  of 
the  National  Academy  of  Sciences 

Atomic  Energy  Commission  (AEC) 

Federal  Aviation  Administration  (FAA) 

Office  of  the  Federal  Register 

Food  and  Drug  Admlnl strati  on  (FDA) 

Bureau  of  Mines  (Navy) 

Bureau  of  Ships  (Navy) 

Interstate  Commerce  Commission  (ICC) 


ISO  Standards  and  recommendations  plus 
another  2,000  in  preparation.  The  work  of 
ISO  is  carried  out  by  some  1,200  technical 
groups  working  through  their  ISO  member 
bodies.  This  work  is  highly  decentralized 
with  secretariats  of  the  1,200  technical 
groups  located  in  28  countries.  A central 
secretariat,  located  in  Geneva,  is  responsible 
for  the  planning  and  coordination  of  ISO 
activities  (Ref.  17).  Prior  to  January  1972, 
ISO  documents  were  published  us  Recom- 
mendations to  the  ISO  member  bodies  to 
use  as  the  basis  for  a national  standard.  The 
currently  published  ISO  International  Stan- 
dards are  intended  to  be  used  as  a substitute 
for  the  different  national  standards.  (Sev- 
enty-five percent  approval  of  the  member 
bodies  is  required  for  qualification  as  an 
International  Standard.) 

B-2.6.2  International  Electrotechnical  Com- 
mittee 

The  International  Electrotechnical  Com- 
mission (IEC)  is  a parallel  organization  to 


ISO,  which  prepares  international  standards 
(recommendations  and  reports)  in  the  elec- 
trical and  electronic  fields.  The  U S repre- 
sentatives to  IEC  are  under  the  direction  of 
ANSI’s  International  Standards  Committee 
(Refs.  18,19). 

B-2.6.3  Pan  American  Standards  Commission 

Another  international  organization  of  im- 
portance to  the  United  States  is  the  Pan 
American  Standards  Commission  (COPANT). 
Founded  in  1961,  COPANT  comprises  the 
national  standards  bodies  of  the  United 
States  (ANSI)  and  1 1 Latin  American 
countries.  COPANT  is  a coordinating  organi- 
zation concerned  with  the  implementation 
of  ISO  and  IEC  Recommendations  and 
Standards  in  the  Western  Hemisphere  (Ref. 
19). 

6-2. 0.4  Amarlcan-British-Canadian  Conference 
of  Unification  of  Engineering  Standards 

The  American-British-Canadian  Conference 
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on  Unification  of  Engineering  Standards 
(ABC)  is  a standardization  organization  of 
much  importance  to  the  U.S,  military.  ABC 
is  comprised  of  standards  bodies  of  America. 
Britain,  and  Canada  with  leading  Govern- 
ment representatives  participating  in  meet- 
ings. It  was  founded  near  the  end  of  World 
War  II  to  standardize  basic  engineering 
standards  of  importance  to  military  supplies 
and  industry.  The  ABC  standardization 
program  was  initiated  to  resolve  standardiza- 
tion difficulties  and  thus  enhance  the  ability 
of  the  armies  of  the  three  countries  to  fight 
together  in  any  future  war.  Standardization 
of  materiel  and  nonmateriel  items  has 
progresMd  notably  through  this  program 
during  the  past  two  decades.  Effort  is 
directed  toward  the  greatest  possible  econ- 
omy for  armies  of  the  governments  con- 
cerned through  the  use  of  combined  tech- 
nological and  scientific  resources.  Exchange 
of  information  among  the  ABC  allies 
includes  sharing  of  procedures  governing 
tactical  doctrine,  organization,  intelligence, 
operations,  administration,  logistics,  research 
and  development,  and  the  design  of  weapons 
and  equipment  of  common  interest.  The 
broad  aim  of  the  ABC  standardization 
program  is  to  minimize  operational  materiel, 
and  technical  obstacles  to  full  cooperation 
and  collaboration  among  the  American, 
British,  and  Canadian  armed  forces.  None  of 
the  ABC  armed  forces  is  compelled  legally 
to  agree  to  a standard  or  to  join  in 
collaboration  leading  to  a possible  standard. 
Once  a member  nation  has  approved  a 
standard,  however,  it  is  obligated  morally  to 
conform  unleu  released  by  agreement  of  the 
other  members  or  unleu  the  standard  item  is 
replaced  by  a new  development. 

Insofar  as  manufacturing  techniques  per- 
mit, ABC  materiel  and  nonmateriel  items 
will  be  identical.  As  a minimum,  items  of 
equipment  will  have  interchangeable  parts 
and  assemblies.  In  the  materiel  field,  over 
100  ABC  Army  Standards  are  active  and  40 
more  are  in  the  proceu  of  completion.  In 
addition,  several  hundred  specific  agreements 
have  been  reached  that  did  not  require 
publication  of  a formal  ABC  Army  Stan- 


dard. The  standards  list  includes  such  items 
as  spark  plugs,  telephone  cables,  radio  sets, 
trucks,  aircraft,  and  ammunition.  In  the 
nonmateriel  field,  approximately  100  active 
procedures  have  been  approved  for  stan- 
dardization. These  procedures  include  such 
diverse  items  u operation  orders,  techniques 
for  minefield  laying  and  recording,  adjust- 
ment of  artillery  fire,  relief  of  combat 
troops,  and  military  mapping. 

A keystone  of  the  ABC  program  is  the 
principle  that  information  and  opinion 
among  the  armed  forces  can  be  exchanged 
with  a minimum  of  formal  procedure. 
Within  the  limit!  of  national  policies, 
information  on  the  status  of  all  development 
projects,  current  doctrine,  and  tactical  con- 
cepts is  made  available.  Consequently,  • 
great  volume  of  Information  is  moving 
continually  among  the  armies  on  a variety  of 
subjects.  Standardization  would  be  virtually 
imposrible  without  this  exchange.  Differ- 
ences over  standardization  or  collaboration 
are  referred  to  higher  levels  as  early  as 
possible  for  mediation.  In  the  interests  of 
economy,  each  armed  forr  < has  agreed  that 
it  will  make  maximum  use  of  existing 
agencies  and  p-.ocedures. 

The  possibility  of  sharing  the  work  of 
research  and  development  is  under  constant 
ABC  review.  Collaboration  in  research  is 
directed  toward  solution  of  mutual  problems 
by  pooling  knowledge  and  combining  talents 
of  each  of  the  member  nations  in  a spirit  of 
mutual  trust  snd  cooperation. 


8-2.B.B  North  Atlantic  Treaty  Organization 

The  North  Atlantic  Treaty  Organization 
(NATO)  also  has  a standardization  program 
of  importance  to  the  U.S.  military.  The 
NATO  program  generally  has  been  confined 
to  areas  of  practical  ini, xjrtance,  such  as  the 
octane  rating  of  gasoline  in  NATO's  pipeline, 
tactical  and  operational  terminology,  and 
road  sign  designation.  One  ot  the  most 
significant  achievements  is  the  development 
of  the  7.62  mm  rifle  cartridge  for  use  in 
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different  weapon*  of  NATO  countries.  It 
wu  adopted  by  NATO  under  the  Mutual 
Weapons  Development  nogram  (MWDP) 
(Ref.  20). 


6-2.16  MlaoaUanaout 

Other  international  standard*  organize* 
tions  include  the  Asian  Standards  Advisory 
Committee  (ASAC).  the  International  Com- 
mission on  Rules  for  the  Approval  of 
Electrical  Equipment  (CEE),  the  European 
Committee  for  Standardization  (CEN),  the 
European  Electrical  Standards  Coordinating 
Committee  (CENEL),  and  the  International 
Special  Committee  in  Radio  Interference 
(C1SPR). 

U FEDERAL  STANDARDS  AND  SPECI- 
FICATIONS 

The  Federal  Property  and  Administrative 
Services  Act  of  1949  (Public  Law  1S2.  81st 
Congress,  63  Stat.  377,  as  amended)  estab* 
liahed  the  General  Servicer  Administration 
(GSA)  to  provide  the  Fednal  Government 
an  economical  and  efficient  system  for  the 
procurement  and  supply  or  property  and 
services  (Ref.  21 X The  GSA  consists  of  six 
operating  services.  Of  these,  the  Federal 
Supply  Service  (FSS)  is  of  particular  interest 
because  it  is  responsible  for  the  Federal 
Standardization  Program  in  compliance  with 
the  Federal  Property  and  Administrative 
Services  Act.  These  standardization  activities 
encompass  standards  and  specifications  for 
real  and  personal  property,  materials,  sup- 
plies, and  equipment,  as  well  as  management 
practices  and  procedures.  Specifically,  they 
include  development  and  maintenance  of 
Federal  standardization  documents,  stan- 
dardization of  commodities  procured  by  the 
Government,  coordination  of  governmental 
standardization  activities,  development  and 
maintenance  of  the  Federal  Catalog  System, 
inspection  and  testing  of  supplies  procured 
under  GSA  contracts,  and  coordination  of 
participation  by  GSA  technical  personnel  in 
activities  of  nationally  recognized  technical 
societies  and  standardizing  bodies. 


When  a Federal  standard  or  specification 
is  published  by  GSA,  it  takes  the  place  of  all 
antecedent  specifications  or  standards  for 
the  same  material,  product,  or  service.  When 
applicable,  its  use  is  mandatory.  A Federal 
specification  is  used  primarily  in  the  pro- 
curement of  commercial  items  of  general 
application  by  at  least  two  federal  agencies, 
one  of  which  has  to  be  an  agency  other  than 
the  Department  of  Defense.  For  example,  a 
desk  used  by  the  Army  and  by  the 
Department  of  Agriculture  would  be  pro- 
cured using  a Federal  specification.  DOD 
policy  prohibits  the  issuance  of  a military 
document  that  duplicates  a suitable  Federal 
document,  but  rather  provides  for  military 
participation  in  the  development  and  coor- 
dination of  Federal  standards  and  specifica- 
tions. When  an  item  is  peculiar  to  the 
military,  its  procurement  and  uses  are 
governed  by  military  standards  and  specifica- 
tions. 


When  initiating  a standardization  project, 
the  GSA  includes  a statement  of  the  scope 
and  objective  of  the  project,  a statement  of 
the  specific  requirement,  reasons  for  the 
initiation  of  the  project,  a desired  date  of 
completion,  and  a list  of  agencies  and 
segments  of  Industry  with  which  the  docu- 
ment is  to  be  coordinated.  Once  an 
assignment  has  been  made,  the  assignee  is 
responsible  for  the  development  of  the  new 
standard  or  specification.  It  also  must 
coordinate  the  document  with  interested 
agencies  or  activities  and  with  segments  of 
industry,  convert  interim  Federal  documents 
to  fully  coordinated  Federal  documents,  and 
amend  or  revise  the  document  when  the 
need  arises. 

The  DOD  relies  completely  upon  the  GSA 
for  the  issuance  of  adequate  standards  and 
specifications  governing  materiel  for  which 
GSA  provides  sole  purchase  support.  Only 
when  justified  by  special  requirements  of  a 
military  mission  does  the  DOD  prepare  or 
coordinate  a Federal  standard  or  specifica- 
tion in  which  it  has  an  interest.  It  also 
informs  GSA  of  any  new  or  changing 
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requirement!  for  item*  under  this  policy  and 
of  any  unsatisfactory  tuppUei  received. 
When  there  ia  military  intereit  in  a Federal 
apecification  or  standard,  it  may  be  coordin- 
ated by  the  DOD  in  accordance  with  the 
Defense  Standardization  Manual  (Ref.  2). 

The  procedure  for  developing  Federal 
standard!  within  the  Department  of  Defense 
is  the  same  as  for  military  projects. 
However,  additional  coordination  it  required 
with  other  Federal  agencies.  The  Anal  draft 
of  the  specification,  with  appropriate  com- 
ments received  from  Federal  civil  agencies.  Is 
forwarded  to  GSA  through  the  assignee 
activity  for  approval,  reproduction,  and  issue 
(Ref.  16). 

A close  parallel  exists  between  Federal 
and  military  standardization  documents.  A 
document  in  either  of  the  two  aeries  could 
be  entered  into  the  other  with  only  minor 
changes,  and  documents  in  either  series,  if 
applicable,  are  mandatory  upon  all  Federal 
agencies,  It  is  not  intended  that  any 
duplication  exist  between  the  two  series. 
The  similarity  between  the  two  series  is 
reflected  in  the  discussion  of  Federal 
standardisation  documents  that  follows.  The 
military  aeries  is  of  more  interest  for  the 
purposes  of  this  handbook,  and  information 
common  to  the  two  series  is  discussed  in  a 
subsequent  paragraph  on  military  standards 
and  specifications. 

It  is  essential  to  the  GSA  standardization 
program  that  Federal  standards  and  specifi- 
cations reflect  the  best  technical  knowledge 
and  experience  of  the  Government  and 
industry,  be  responsive  to  technological 
advances,  provide  an  efficient  and  economi- 
cal medium  for  filling  the  procurement 
needs  of  F ederal  agencies,  and  enhance  the 
ability  of  manufacturers  to  fill  Government 
orders  from  their  normal  commercial  pro- 
duction. A GSA  Federal  Standardization 
Handbook,  which  includes  policies  and 
procedures  to  be  followed  in  the  preparation 
of  specifications  and  standards,  is  available 
to  all  agencies  (Ref.  22). 


Federal  specifications  are  of  two  types- 
general  and  detailed.  General  specifications 
cover  requirements  common  to  different 
types,  classes,  grades,  or  styles  of  items  or 
services.  This  avoids  repetition  of  common 
requirements  in  each  detailed  item  or 
process  specification  and  permits  changes  to 
common  requirements  to  be  readily  effected. 
A detailed  specification  may  cover  one  or 
more  types  of  items  or  services  so  as  not  to 
require  preparation  and  reference  of  a 
general  specification  for  the  common  re- 
quirements or,  In  contrast,  may  be  incom- 
plete without  reference  to  a general  specifi- 
cation. The  style  and  format  of  a Federal 
specification  is  standardized ' to  contain  six 
sections  whose  titles  are: 


1.  Scope  and  Classification 

2.  Applicable  Documents 

3.  Requirements 

4.  Quality  Assurance  Provisions 

5.  Preparation  for  Delivery 

6.  Notes. 

This  style  and  format  and  the  requirements 
for  each  section  are  essentially  the  same  as 
required  for  military  specifications  and  are 
discussed  in  par.  6-4- 

An  approved  Federal  specification  is 
identified  by  a three-part  number  deter- 
mined and  assigned  by  the  GSA.  The  first 
part  consists  of  one  or  more  capital  Gothic 
letters-such  as  Q (which  identifies  coal  end 
products)  or  QQ  (which  identifies  metal).  It 
is  followed  by  a hyphen  and  a capital 
Gothic  letter,  which  is  the  first  letter  in  the 
name  of  the  item  specified.  These  are 
followed  by  a second  hyphen  and  an  Arabic 
numeral  assigned  to  departments  by  the 
GSA  Detailed  Instructions  are  included  in 
the  Federal  Standardization  Handbook  (Ref. 
22).  Fig.  6-2  illustrates  the  identification 
system  (Ref.  22). 
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8UPE1SEDING 
FED.  SPEC  BB-M-Allb 
Sapteaber  10,  1964 


FEDEKAL  SPECIFICATION 
NITBOGEN,  TECHNICAL 

This  specification  was  approved  by  ths  Coaaisslonar,  Federal  Supply 
Services,  General  Services  Adalnlaeratlon,  for  uss  of  all  Federal 
At ancles. 

1.  SCOPE  AND  CLASSIFICATION 

1.1  Scops.  This  spadflcation  covers  gaseous  and  liquid  nitrogen. 

1.2  flfwmsitlW- 

1.2.1  Types,  arades.  and  classes.  Ths  nitrogen  shall  be  of  the 
following  types,  grades,  and  classes,  as  spsclflsd  (sas  6.2) » 

Type  I - Gaseous. 

Type  II  - Liquid. 

Grade  A - 99.95  percent  pure. 

Grade  B - 99.50  percent  pure. 

Grade  C * 99.50  percent  pure,  Moisture  content  not  specified 

(type  I only). 

Class  1 - Oil  free. 

Class  2 - Oil  tolerant  (Type  I only)  (see  6.3). 

2.  APPLICABLE  D0CUMIHT3 

2.1  Specifications  and  standards.  Ths  following  specifications  and 
standards  of  the  issue  in  affect  on  data  of  invitation  for  bids  or 
request  for  proposal,  fora  a part  of  this  specification  to  the  extent 
specified  herein i 


Cylinders,  Coaprsssed  Gass  With  Valve 
or  Plug  and  Capi  ICC  3AA. 


Marking  for  Doaestlc  Shlpaent 
(Civilian  Agencies). 


FSC  6830 

Figure  &2.  Identification  of  Fodtrei  Specification 


8 


1 


) 


When  a Federal  specification  or  interim 
Federal  ipecification  establishes  qualification 
examinations  and  tests,  products  may  be 
tested  for  compliance  with  requirements  of 
the  specification  in  advance  of  and  inde- 
pendently of  any  specific  procurement 
action.  This  process  identifies  qualified 
products  and  provides  for  the  establishment 
of  a Federal  Qualified  Products  Lists  (QPL). 
The  preparing  activity  responsible  for  a 
specification  is  administratively  responsible 
for  the  qualification  of  applicable  products 
for  a QPL  and  for  the  continued  main- 
tenance of  the  QPL.  Fig.  6-3  illustrates  the 
procedure  for  the  development  of  a QPL 

The  limited  scope  of  products  covered  by 
QPL’i  is  illustrated  by  the  fact  that  less  than 
1 percent  of  more  than  3,000  Federal  and 
interim  Federal  specifications  incorporate 
QPL’s  as  part  of  their  requirements.  Further, 
only  10  percent  of  the  approximately 
40,000  entries  in  the  DODISS  contain 
qualification  requirements  (Ref.  23). 

Federal  QPL's  are  paralleled  by  military 
QPL’s,  which  are  discussed  in  par.  64. 

84  MILITARY  STANDARDIZATION 

The  Cataloging  and  Standardization  Act 
of  1952  requires  the  Secretary  of  Defense  to 
“develop  a single  catalog  system  and  related 
program  of  standardizing  supplies  for  the 
Department  of  Defense”.  Further,  the  Secre- 
tary of  Defense  is  required  to  maintain 
liaison  with  industry  advisory  roups  to 
coordinate  the  development  of  the  supply 
catalog  and  the  standardization  program 
with  the  best  practices  of  industry:  to  obtain 
the  fullest  practicable  coope  ation  and  parti- 
cipation of  industry  in  dev  <ng  the  supply 
catalog  and  the  standardization  program;  to 
establish,  publish,  review,  and  revise,  within 
the  Department  of  Defense,  military  specifi- 
cations, standards,  and  lists  of  qualified 
products;  and  to  resolve  differences  between 
the  military  departments,  bureaus,  and 
services  with  respect  to  them  (Rer.  I).  The 
act  also  required  the  Administrator  of 
General  Services  and  the  Secretary  of 


Defense  to  coordinate  the  cataloging  and 
standardization  activities  of  the  GSA  and  the 
DOD  to  avoid  unnecessary  duplication. 
Pursuant  to  the  Cataloging  and  Standardiza- 
tion Act,  DOD  Directive  4120.3  established 
the  Defense  Standardization  Program  (DSP) 
(Ref.  24). 

The  principal  objective  of  the  DSP  is  to 
provide  uniform  definitions  of  the  technical 
requirements  for  parts,  equipment,  and 
systems  in  which  the  various  elements  of  the 
DOD  have  a common  interest.  The  principal 
results  of  this  program  have  been  the 
development  of  nearly  40.000  specifications 
and  standards  defining  the  technical  require- 
ments of  the  DOD.  This  aeries  of  technical 
documents  largely  has  replaced  the  individ- 
ual specifications  and  standards  formerly 
used  by  each  of  the  military  departments 
and  provides  industry  with  a great  body  of 
uniform  technical  requirements  to  be  met  by 
military  suppliers.  They  are  revised  as 
necessary  to  reflect  the  most  advanced 
techniques  and  hardware. 

In  addition  to  standards  and  specifications 
the  program  includes  the  effective  manage- 
ment of  drawings,  handbooks,  qualified 
products  lists,  and  engineering  records.  The 
program  covers  the  entire  life  cycle  of 
military  materiel  from  the  generation  of 
military  operational  requirements  to  the 
final  disposal  of  items  and  related  technical 
documentation.  The  intent  is  to  minimize 
the  variety  of  items,  processes,  and  practices 
that  are  associated  with  design,  development, 
production,  and  logistic  support;  including 
enhancing  the  interchangeability,  reliability, 
and  maintainability  of  military'  parts,  equip- 
ment, and  systems  when  essential  to  the 
improvement  of  the  operational  readiness  of 
the  military  services. 

Basic  policies  governing  the  Defense  Stan- 
dardization Program  require  that  maximum 
use  be  made  of  available  industry  standards 
that  are  responsive  to  military  requirements. 
In  this  way,  duplication  of  effort  in  the 
development  of  needed  standards  between 
industry  and  the  DOD  Is  avoided 
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The  Dofenie  Standardization  Program  it 
the  largest  and  moat  comprehensive  stan- 
dardlzation  program  in  the  world -govern- 
mental or  nongovernmental.  The  standards 
and  specifications  developed  by  the  program 
are  widely  used  within  industry.  In  fact, 
many  of  its  standards  and  specifications 
constitute  the  standard  to  which  industry 
builds  for  commercial  purposes.  The  pro- 
cedures of  the  program  have  been  copied 
widely  by  individual  industrial  firms  and 
industry  standardizing  orpnizations  as  the 


basis  for  their  own  standardization  programs 
(Ref.  5). 

64.1  A RICKNT  HIVTORY  OF  MILI- 
TARY STANDARDIZATION 

The  present  DSP  dates  from  the  Catabg- 
int  and  Standardization  Act  of  I9S2,  and  its 
administrative  history  is  outlined  in  Fig.  64. 
Pursuant  to  this  act,  the  Defense  Supply 
Management  Agency  (DSMA)  was  created  as 
an  element  of  the  DOD.  In  I9S3.  the 
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director  of  DSMA  iuued  DOD  Directive 
4120.3  (Ref.  24).  Later  in  1953.  a reorgani- 
zation of  the  DOD  abolished  the  DSMA  and 
created  the  Office  of  the  Assistant  Secretary 
of  Defeiue  for  Supply  and  l.ogistics  (ASD 
(SAL)).  This  office  became  responsible  for 
the  administration  of  the  DSP.  In  1958. 
administration  of  the  DSP  was  delegated  to 
the  newly  established  Armed  Forces  Supply 
Support  Center  (AFSSC)  under  the  policy 
direction  of  the  ASD(SAL).  In  1959,  the 
Director  of  Defense  Research  and  Develop- 
ment (DDRAE)  was  given  collateral  responsi- 
bilities for  certain  phases  of  the  program. 
The  Assistant  Secretary  of  Defense.  Installa- 
tions and  Logistics  (A&UX1AL))  was  desig- 
nated in  1961  and  assumed  the  responsibili- 
ties previously  delegated  to  ASDfSAL). 
which  included  responsibility  for  the  DSP. 
The  AFSSC  continued  to  administer  the 
program.  Later  in  1961,  the  AFSSC  was 
transferred  to  the  newly  established  Defense 
Supply  Agency  (DSA).  The  DSA’s  responsi- 
bilities included  the  administration  of  the 
DSP.  Also  in  1961,  the  Technic#!  Data  and 
Standardization  Policy  Council  was  estab- 
lished within  the  DOD.  Council  membership 
included  the  DDRAE  and  the  ASDdAU 
The  ASD( Research  and  Development)  was 
also  a member. 

In  1964,  the  Office  of  Technical  Data  and 
Standardization  Policy  (TDSP)  was  estab- 
lished and  assumed  responsibility  for  admin- 
istration of  the  DSP.  The  director  of  this 
office  reported  directly  to  the  ASDdAL).  In 
1968,  the  Office  of  TDSP  was  combined 
with  the  Directorate  for  Quality  and  Relia- 
bility Assurance  to  form  the  Directorate  for 
Technical  Data.  Standardization  Policy,  and 
Quality  Assurance.  This  Directorate  con- 
tinues to  administer  the  DSP  under  the 
policy  direction  of  the  ASDdAL)  (Refs. 
24,25). 

•-4.2  DIPKNtE  STANDARDIZATION 
PROGRAM  ORGANIZATION 

The  current  organization  of  the  DSP  is 
illustrated  in  Fig.  6-5.  As  previously  stuted. 
the  Cataloging  and  Standardization  Acl 
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requires  the  Secretary  of  Defense  to  main- 
tain a standardization  program  and  to 
coordinate  the  program  with  the  GSA 
Standardization  Program.  The  DSP  is  imple- 
mented by  the  Directorate  of  Technical 
Data,  Standardization  Policy  and  Quality 
Assurance:  Office  of  the  ASDdAL).  At  this 
organization  level,  the  Directorate  prepares 
and  publishes  DOD  policies  and  procedures 
in  consultation  with  the  military  depart- 
ments and  the  Defense  Supply  Agency 
(DSA),  establishes  broad  standardization 
goals,  measures  progress,  prepares  reports  to 
the  Secretary  of  Defense  and  Congresa. 
recommends  to  the  Secretary  of  Defense 
assignments  of  broad  standardization  respon- 
sibilities to  the  military  departments  and  the 
DSA,  and  reconciles  differences  between 
military  departments  and  the  DSA. 

At  the  headquarters  level  of  each  military 
department  (Army,  Navy,  and  Air  Force), 
the  Departmental  Standardization  Office 
(DepSO)  administers  the  program  within 
that  military  department.  At  the  head- 
quarters level  of  the  DSA.  a similar 
oiganization  administers  the  standardization 
activities  of  the  Defense  Supply  Centers. 
Each  department  level  office  monitors  pro- 
gress within  its  own  department  or  agency 
and  Implements  policies  and  procedures, 
reconciles  interdepartmental  differences,  and 
participates  in  the  development  of  DOD 
policies  and  procedures. 

The  DSA  is  directly  responsible  for 
providing  supplies  and  services  used  in 
common  by  the  military  services.  The 
objectives  of  DSA  are  (1)  to  provide 
effective  logistic  support  to  the  operating 
forces  of  all  military  services  in  war  and 
peace  and  to  Federal  civil  agencies  when 
requested:  (2)  to  provide  that  support  at  the 
lowest  feasible  cost  to  the  taxpayer;  and  (3) 
to  provide  contract  administration  services 
and  support  to  the  military  departments, 
other  DOD  components.  NASA,  and  other 
Government  agencies  upon  request.  DSA 
procures,  stores,  and  distributes  an  immense 
variety  of  items  commonly  used  by  the 
Armed  Forces  and  Federal  civil  agencies. 


J 


AMCP7M-11S 


) 


Ftgun&S,  Or§m/tittofi  of  D*hrm  St$nd$rdfi9tfan  Program 


including  clothing,  medical  item*,  repair 
parti  Tor  conatruction.  electronic  equipment. 
Tood.  and  fueli. 

For  each  Federal  Supply  Gmi  (FSC). 
DOD  managerial  reapondblity  ha*  been 
decentralized  to  an  aaaigned  department  or 


agency,  called  the  aiaignee.  Theae  anignee 
activitiei  have  been  given  DOD-wlde  reapon- 
libllity  to  auure  optimal  atandardiution  in 
aaaigned  FSC*a  or  areaa  in  coordination  with 
counterpart  element*  in  other  department* 
(referred  to  ai  participating  activitiei).  to 
aaaign  project*  to  preparing  activitie*  baaed 
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on  interest  and  technical  capability,  and  to 
monitor  progress  and  report  accompUsh- 
menti. 

The  preparing  activity  ii  responsible  for 
th«  preparation,  iaauance,  and  maintenance 
of  asaigned  ttandardi  and  specification! 
covering  individual  Items,  parts,  systems, 
commodities,  and  practices.  It  is  also 
responsible  for  effecting  coordination  with 
other  military  activities,  civil  agencies,  and 
industry.  Preparing  activities  are  normally 
the  subordinate  commands  and  activities  in 
the  Army,  Navy,  Air  Force,  and  Defense 
Supply  Centers.  The  Laboratories  and  Arsen- 
als of  the  Army  are  examples  of  engineering 
and  development  activities  that  are  desig- 
nated u preparing  activities. 

The  custodial  activity  is  one  of  the 
technical  elements  of  the  Army,  Navy,  and 
Air  Force  directed  to  after*  departmental 
coordination,  to  re,*'#  documents  and 
studies  submitted  by  preparing  activities,  and 
to  submit  coordinated  department  positions. 
The  review  activity  In  an  Interested  military 
activity  using  (or  planning  to  use)  a 
document  and  asserting  a justifiable  require- 
ment to  review  the  document  in  draft  form. 
Hie  specific  responsibilities  of  the  ASD 
(IAL),  the  DepSO,  participating  depart- 
ments, and  the  activities  previously  listed  are 
detailed  in  the  Defense  Standardization 
Manual  (Ref.  2). 

04.1  DODItt 

The  Department  of  Defense  Indtx  of 
Specifications  and  Standards  (DODISS)  is 
published  annually  and  kept  current  with 
supplements  once  every  2 months.  DODISS 
is  composed  of  two  parts,  issued  separately, 
with  data  on  unclassified  Federal,  military, 
and  adopted  industry  Standards,  Specifica- 
tions, Handbooks,  and  related  standardiza- 
tion documents.  Part  1,  Alphabetical  Listing 
of  Standardisation  Documents,  lists  docu- 
ments by  titles.  Additionally,  it  tabulates  the 
document  number,  FSC,  control  symbols, 
preparing  activities,  custodians,  and  docu- 
ment dates.  In  Part  II,  Numeric  Listing  •/ 
Standardisation  Documents,  the  identical 


information  is  tabulated,  but  the  documents 
are  listed  in  numerical  order.  The  Depart- 
ment of  the  Navy,  DOD  Single  Stock  Point 
for  Standardization  Documents,  U.S.  Navy 
Publications  and  Forms  Center,  Philadelphia, 
Pa.  19120,  is  responsible  for  indexinc  these 
standardization  documents  and  is  also  a 
source  for  these  documents. 

A similar  index  is  the  Federal  Supply 
Classification  Listing  of  DOD  Standardiza- 
tion documents.  It  contains  all  the  listings  of 
the  DODISS  arranged  by  FSC  classes.  In 
addition  to  the  information  in  the  DODISS, 
the  FSC  Listing  identifies  review  and  user 
activities  and  lists  Federal  documents  for 
which  no  DOD  interest  has  been  registered. 
The  FSC  Lilting  can  be  advantageous  in 
identifying  standardization  documents  appli- 
cable to  a given  Item.  However,  so  many 
documents  would  have  a MISC  (miscella- 
neous) classification  (Including  many  en- 
vironmental test  documents)  that  it  is  not  as 
helpful  in  locating  documents  as  a key- 
word-in-context index  such  as  is  available  for 
voluntary  standards  (Ref.  4).  A key-word-in- 
context  printing  of  the  DODISS  would  be 
an  extremely  voluminous  document. 

A document  related  to  the  DODISS  is  the 
quarterly  Status  of  Standardisation  Projects 
(SIM).  Through  this  medium  the  military 
and  DSA  DepSO’s  publicize  the  status  of 
standardization  projects  within  the  DOD. 
This  publication  lists  active  projects  and 
projects  completed  since  the  preceding 
report.  Document  projects  (Military  Specifi- 
cations, Standards,  etc.);  engineering  practice 
or  item  reduction  studies;  and  the  type  of 
action  (new  standard,  amendment,  revision), 
are  identified.  Other  standardisation  project 
information  listed  in  the  SIM  document 
Includes  the  preparing  activity,  initiation 
date,  coordination  date  (if  applicable),  com- 
pletion date,  and  a current  status  identifica- 
tion symbol. 

6-4.4  MILITARY  IFICIFICATIONI 

Military  Specifications  are  developed  for 
materials  or  services  that  are  intrinsically 
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military  in  character.  Their  use  is  mandatory 
whenever  applicable.  If  the  material  or 
services  are  required  by  more  than  one  of 
the  DOD  departments,  the  covering  specifi- 
cations are  c dinated  by  the  involved 
DOD  departmeius.  The  cooidinating  activity 
(usually  the  preparing  activity)  is  responsible 
for  coordinating  specifications  in  accordance 
with  procedures  established  in  the  Dtferut 
Standardisation  Manual  (Ref.  2). 

A limited  coordinated  Military  Specifica- 
tion can  be  issued  by  one  of  the  military 
departments  to  cover  items  peculiar  to  the 
needs  of  the  department  or  to  satisfy  an 
immediate  procurement  need.  Once  the 
Specification  is  prepared  and  issued,  it  is 
mandatory  for  use  by  all  procuring  activities 
of  the  issuing  department.  This  document, 
like  the  interim  Federal  Specification,  is 
often  the  first  formal  document  to  describe 
an  item  or  service  that  is  later  used  by  other 
activities.  When  coordinated  by  all  military 
departments,  the  limited  coordinated  Mili- 
tary Specification  becomes  a fully  coordin- 
ated Military  Specification. 

When  the  immediate  procurement  of  an 
item  with  changed  requirements  does  not 
allow  time  to  complete  coordination  of  a 
revision  to  a coordinated  Military  Specifica- 
tion, a "Used  in  Lieu  of"  revision  to  the 
existing  specification  may  be  issued,  based 
upon  the  justified  roquet  of  the  requiring 
activity.  A "Used  in  Lieu  of"  limited 
coordination  specification  bean  the  same 
title  as  the  coordinated  Military  Specifica- 
tions on  which  it  is  baaed  (Ref.  16). 

Military  Specifications  are  classed  broadly 
as  either  general  or  detail  specifications.  A 
General  Specification  coven  requirements 
common  to  two  or  more  types,  classes, 
grades,  or  styles  of  products,  services,  or 
materials  which  avoids  repetition  of  common 
requirements  in  related  detail  specifications 
and  permits  changes  to  common  require- 
ments to  be  readily  effected.  General 
Specifications  also  may  be  used  to  cover 
common  requirements  for  weapon  systems 
and  subsystems.  A Detail  Specification 


covers  all  requirements  for  one  or  more 
types  of  items  or  services  so  as  not  to 
requi'e  preparation  and  reference  to  a 
General  Specification  for  the  common  re- 
quirements. A Detail  Specification  and 
referenced  General  Specification  (which  con- 
tains the  requirements  common  to  the 
family  of  items)  then  constitute  the  total 
requirements  (Ref.  26). 

Both  Gentral  and  Detail  Specifications 
may  be  further  categorized  as  performance 
or  design  specifications.  A performance 
specification  expresses  requirements  in  the 
form  of  output,  function,  or  operation  of  a 
commodity;  the  details  of  design,  fabrica- 
tion, and  internal  workinp  are  left  to  the 
manufacturer.  It  coven  required  per- 
formance rather  than  optimum  performance 
and  ordinarily  is  employed  when  informa- 
tion on  design  is  not  essential.  The  per- 
formance specification,  however,  also  may 
contain  design  requirements.  A design  speci- 
fication describes  the  exact  features  of 
design  to  be  used  in  the  manufacture  of  a 
product,  including  the  physical  features  and 
limitations.  It  includes  details  pf  material, 
composition,  physical  and  chemk  : require- 
ments, weight,  size,  and  dimwi  ions.  A 
design  specification  also  ia  used  when  other 
than  overall  interchangeability  is  affected 
and  when  it  is  necessary  to  specify  the 
details  of  design,  such  as  the  interchange- 
ability  of  minor  component  parts  (so  that 
the  components  of  one  manufacturer’s 
product  wili  be  interchangeable  with  those 
of  another).  The  use  of  design  specifications 
depends  upon  the  extent  to  which  the 
military  departments  feel  that  they  must 
control  the  item  in  order  to  assure  per- 
formance (Ref.  27). 

Within  the  given  categories,  specifications 
may  pertain  to  a complete  system,  a product 
such  as  subassemblies,  or  a basic  raw 
material.  They  also  may  be  c •saifled  as 
process  specifications  or  development  specifi- 
cations. Complete  descriptions  of  these 
categories  and  instructions  for  their  prepara- 
tion are  readily  available  (Refs.  16,26). 
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Document*  associated  with  Speclflcatlom 
include  Amendment*,  Notices,  Supplement*, 
Qualified  Products  Lists,  and  Specification 
Sheets  which  are  described  in  the  paragraphs 
that  follow. 

m a m 4 ■ ^ »»««u 

MAi  nancnmuon  or  mtfwry  aaavw 
tion 

Military  Specifications  are  identified  by  a 
three-part  symbol:  the  capital  Gothic  letters 
MIL;  folowed  by  a hyphen  and  a single 
Gothic  letter  (the  first  letter  in  the  name  of 
the  item);  followed  by  a second  hyphen  and 
an  Arabic  numeral  that  is  within  a block  of 
numbers  assigned  to  the  DOD  department 
responsible  for  the  Specification.  The  date 
of  approval  for  a Specification  appears  under 
the  identification  number  located  in  the 
upper  right  comer  of  the  front  page. 

When  a Military  Specification  is  revised, 
each  revision  is  identified  by  adding  a capital 
Gothic  latter  to  the  symbol.  The  first 
revision  is  Identified  by  the  letter  A.  and 
subsequent  revisions  are  identified  by  other 
capital  letters  in  alphabetical  sequence  (the 
letters  I,  O,  Q,  and  S are  not  used).  These 
procedures  are  illustrated  in  Fig  6-6,  The 
figure  identifies  a fully  coordinated  Military 
Specification.  The  letter  E included  at  the 
end  of  the  symbol  identifies  it  as  the  fifth 
revision  of  the  original  specification. 
Approval  data  and  the  symbol  and  approval 
date  of  the  immediately  preceding  specifica- 
tion also  are  Included. 

Limited  coordination  Military  Specifica- 
tions are  identified  in  the  same  manner  as 
hilly  coordinated  Military  Specifications, 
except  that  the  symbol  designation  of  the 
preparing  activity  is  added  as  a suffix  to  the 
Arabic  number  (Air  Force  limited  coordina- 
tion specifications  bear  the  suffix  USAF  in 
all  cases  and  are  not  shown  by  Air  Force 
activity).  Additionally,  a statement  following 
the  title  of  the  specification  identifies  the 
approving  activity;  e.g.,  MIL-T-5422  (AS)  is 
a limited  coordination  testing  specification 
approved  by  the  Naval  Air  Systems  Com- 
mand, Department  of  the  Navy.  The  suffix 
symbols  are  tabulated  in  several  references, 
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including  the  DODISS  (Ref.  8). 

A “Used  in  Lieu  or  Specification  ia 
identified  with  the  symbols  that  also  iden- 
tify the  existing  Specification.  However,  the 
specification  number  is  prefixed  with  a 
“00",  and  the  appropriate  symbol  designa- 
tion of  the  preparing  activity  for  the  “Used 
in  Lieu  or  Specification  and  a revision 
indicator  follow  the  specification  number. 
The  notation  “Used  in  Lieu  of’  is  displayed 
prominently  in  the  space  immediately  pre- 
ceding the  supersession  information.  A 
preamble  follows  the  title,  such  as  is  shown 
in  Fig.  6-7. 

The  preceding  examples  apply  to  General 
Specifications.  A Detail  Specification  is 
identified  by  the  addition  of  a serial  number 
to  the  General  Specification  symbol  (leas 
any  revision  number  or  suffix).  The  serial 
number  follows  a slash  mark  and  indicates 
its  position  in  the  order  of  issue.  For 
example,  in  MIL-B-1B/23,  the  2S  indicates 
24  previous  issues.  Revisions  to  Detail 
Specifications  are  indicated  by  a capital 
Gothic  letter  following  the  number,  as  in 
MIL-B-I8/25A  (Refs.  2.16). 

Number  allocations  to  the  DOD  Depart- 
ments for  assignment  to  Military  Specifica- 
tions are  tabulated  in  Table  6-3. 


M.42  Format  of  Military  Specif  (cations 

The  format  of  Military  Specifications  for 
most  items,  processes,  and  materials  has 
been  standardised  to  contain  six  numbered 
sections  as  follows: 

1.  Scope 

2.  Applicable  Documents 

3.  Requirements 

4.  Quality  Assurance  Provisions 

5.  Preparation  for  Delivery 

6.  Notes. 
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MIL-E* 5272C  ( ASG) 

13  APRIL  l>8> 

Superseding 
MIL-E-00527 2B (US AF) 

S Jure  1557 
USED  IN  LIEU  07 
MIL-E-1272A 
16  September  1952 


MILITARY  SPECIFICATION 

ENVIRONMENTAL  TESTING,  AERONAUTICAL  AND  ASSOCIATED 
EQUIPMENT,  GENERAL  SPECIFICATION  FOR 


This  specification  has  been  approved  by  the  Department 
of  the  Air  Force  and  by  the  Navy  Bureau  of  Aeronautics. 

1.  SC’  t 


i* 

i 


1.1  General . - This  specification  establishes  generally  applicable 
procedures  for  testing  aeronautical  and  aaaociated  equipment  under  simulated 
and  accelerated  climatic  and  anvlronmantal  conditions.  Procedures  prescribed 
herein  are  to  ba  utilised  in  subjecting  equipment  to  simulated  and  accelerated 
environmental  conditions  in  order  to  Insure  satisfactory  operation  and  to  reduce 
deterioration  whan  the  equipment  is  operated  or  stored  in  any  global  locality. 

In  the  case  of  any  particular  item  of  equipment,  test  procedures  are  to  ba  followed 
to  the  extent  specified  in  the  applicable  equipment  specification. 

2.  APPLICABLE  DOCUMENTS 


2.1  The  following  docments,  of  the  issue  in  affect  on  date  of  invitation 
for  bids,  form  a part  of  this  specification! 

SPECIFICATIONS 


Military 

JAN-S-44 

MIL-S-901 

MIL-S-4456 

MIL-G-5572 

MIL-S-5705 


Shock-Teating-Machanism  for  Electrical- 
Indicating  Instruments  (2-1/2  and  3-1/2 
Inch,  Round,  Flush-Mounting,  Panel-Type) 
Shockproof  Equipment;  Class  HI  (High  Impact), 
Shipboard  Application,  Tssts  for 
Shock,  Variable  Duration,  Method  and  Apparatus 
for 

Gasoline,  Aviation,  Grades  80/87,  91/96, 

100/130,  115/145 

Structural  Criteria,  Piloted  Airplanes,  Fusalage, 
Booms,  Engine  Mounts  and  Nacelles 


Figure  &6.  Example  of  Front  Page  of  a Fully  Coordinated  Military 
Specification  (Ref.  2) 
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Example:  MIL-C-001833A  (SHIPS) 


USED  IN  LIEU  OP 
MIL-G-1833 
27  Dtctabtr  1949 


MILITARY  SPECIFICATION 
GUNS,  LUBRICATING,  PRESSURE,  HAND-OPERATED 
AND  FITTINGS 


This  Limited  Coordination  Military  specification  hat  been  prepared  ^ 

by  the  Bureau  of  Ships,  based  upon  currently  available  technical 

Information,  but  it  !ias  net  bean  approved  for  promulgation  aa  a | 

revision  of  Military  Specification  MIL-G-1833.  It  is  subject  to 
modification.  However,  pending  its  promulgation  aa  a coordinated 
military  specification,  it  may  be  used  in  procurement. 

Figure  6-7.  Example  of  a Limited  Coordination  Military  Specification  (Ref.  21 


TABLE  6-3. 

ALLOCATION  OP  NUMBERS  FOR  MILITARY 
SPECIFICATIONS  (Ref.  2) 


! 

' 

i 


Army  10,000  through  14,999 

40.000  through  40,599 

43.000  through  53,999 

55.000  through  59,999 

60.000  through  70,326 
70,328  through  79,999 

Navy  850  through  999 

21 .000  through  ,259 
21,261  through  24,999 

81.000  through  82,999 

Air  Force  4,000  through  4,999 

8,788  through  8,999 
9,501  through  9,999 

25.000  through  27,000 

38.000  through  38,999 

83.000  through  83,999 


USA 


28.000  through  28,499 
30,500  through  31 ,499 

35.000  through  37,999 

39.000  through  39,499 
40,600  through  42,999 

54.000  through  54,999 

80.000  through  80,999 
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Additionally,  appendixes  and  other  conclud- 
ing material  may  be  included  as  required. 
Except  for  appendixes,  if  a section  has  no 
pertinent  information,  the  following  state- 
ment will  appear  below  the  section  heading: 
“This  section  is  not  applicable  to  this 
specification".  A description  of  the  content, 
arrangement,  paragraphing,  etc.,  of  each 
section  can  also  be  found  in  Refs.  1 , 26. 

64.4.3  Development  and  Coordination  Pro- 
cedures 

Standardization  document  projects  are 
assigned  to  preparing  activities  on  the  basis 
of  an  activities  interest.  If  no  draft  of  the 
standardization  document  is  available  (i.e.,  if 
it  is  a new  document),  the  preparing  activity 
will  develop  a draft  of  the  proposed 
document  from  available  data.  The  preparing 
activity  is  responsible  for  editorial  correct- 
ness of  the  document  and  compliance  with 
the  provision  of  the  Defense  Standardization 
Manual.  The  preparing  activity  may  utilize 
conferences,  Federal  standardization  docu- 
ments, and  information  available  from  re- 
lated industries,  for  example.  Draft  copies 
are  circulated  to  the  assignee  activity  and  all 
custodial,  reviewing,  and  user  activities  for 
comment.  (If  the  project  involves  an  existing 
document,  reviewing  and  user  activities  \re 
recorded  in  the  FSC  Listing  of  DOD 
Standardization  Documents.)  Comments 
from  all  reviewing  activities  are  submitted  to 
the  custodians  who  prepare  verified  depart- 
mental comments  for  submission  to  (he 
preparing  activity.  Comments  from  the 
reviewing  activities  are  designated  as  either 
"essential"  or  “suggested”.  Essential  com- 
ments must  be  justified  by  the  reviewing 
activity  and  reconciled  by  the  preparing 
activity.  Unresolved  essential  comments  are 
referred  to  the  assignee  activity  for  reconcili- 
ation or  referral  to  other  command  levels. 

Concurrent  with  the  circulation  of  a 
proposed  document  within  DOD,  draft 
copies  are  also  circulated  to  a representative 
cross  section  of  the  affected  segments  of 
industry,  to  industry  associations,  and  to 
national  standardization  organizations.  Re- 


sulting review  comments  are  evaluated  and 
adopted  to  the  maximum  practicable  extent. 

In  the  interest  of  efficiency,  the  number 
of  organizations  and  people  participating  and 
the  time  required  for  review  and  other 
coordination  activities  are  kept  to  a mini- 
mum. The  preparing  activity  procesKS  stan- 
dardization documents  on  behalf  of  all  usert 
and  coordinates  the  document  in  the  DOD 
only  with  designated  review  activities.  Other 
activities  waive  coordination  and  rely  upon 
the  preparing  activity  and  review  activities  to 
serve  and  protect  their  interests  unless  the 
risk  involved  with  overlooking  an  essential 
requirement  is  unacceptable. 

At  the  completion  of  the  coordination 
cycle,  the  preparing  activity  will  approve  the 
document,  date  and  number  it,  and  arrange 
for  its  reproduction  and  distribution  as  a 
coordinated  standardization  document  (Ref. 

n 

64.4.4  Military  Qualified  Produets  Lists 

When  a Military  Specification  is  based  on 
performance  requirements  and  sets  forth 
qualification  examinations,  tests,  and  specific 
criteria  for  the  retention  of  a qualified 
status,  a Qualified  Products  List  (QPL)  may 
be  established  listing  products  that  satisfy 
the  requirements  of  the  specification.  The 
objective  of  establishing  a QPL  is  to  provide 
a means  of  relieving  quality  conformance 
inspection  for  long,  complex,  or  extensive 
tests  after  each  procurement  action.  QPL’s 
association  with  a specification  is  the 
responsibility  of  the  specification-preparing 
activity.  The  preparing  activity  is  responsible 
for  the  inclusion  of  qualification  criteria  in  a 
specification  (with  DepSO  approval)  and  for 
the  subsequent  qualification  procedures. 
Testing  costs  are  borne  by  the  supplier. 
When  a QPL  is  completed,  it  is  processed 
and  distributed  in  the  same  manner  as  the 
basic  Specification.  Maintenance  of  a QPL 
through  revisions,  amendments,  waivers,  and 
cancellations  remains  the  responsibility  of 
the  preparing  activity.  Specific  procedures 
for  developing  QPL’s  are  included  in  Ref.  2. 
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QPL’i  an  identified  by  the  symbol  QPL 
followed  by  the  number  of  the  associated 
Specification  and  a aerial  number  to  identify 
the  iaaue  of  the  QPL;  e.g.,  QPL-31 25-1 
identifies  the  initial  Issue  of  a list  aeaociated 
with  Military  Specification  MIL-P-3125.  Fig. 
6*8  is  an  example  of  a QPL 

64.4.6  Oth*  Aeaocikrad  Doeu  manta 

Specification  Sheets,  Amendments, 
Notices,  and  Supplements  are  aeparately 
iaeued  documents  associated  with  Military 
Specifications.  A Specification  Sheet  is  a 
form  of  a Detail  Specification  that  supple- 
ments the  associated  General  Specification. 
It  contains  the  data  and  describes  the 
characteristics  and  performance  requirements 
needed  for  application  of  the  covered  items 
in  assemblies  and  for  their  procurement.  It 
may  cover  a single  item  or  a series  of  similar 
items  which  differ  only  in  such  respects  as 
size,  material,  or  parameter  values.  Specifics- 
- tion  Sheets  are  prepared  when  a family  of 
items  differing  in  some  detail  requires 
individual  coverage.  The  associated  General 
Specification  coven  all  requirements,  tests, 
and  characteristics  that  are  common  to  all 
items  covered  by  the  several  Specification 
Sheets.  Each  specification  sheet  is  identified 
by  the  heading  “Military  Specification 
Sheet"  and  by  the  same  title,  symbol,  and 
number  as  the  associated  General  Specifica- 
tion (it  is  identified  as  a Detail  Specification 
(Ref.  2)). 

Amendments  to  Specifications  are  Issued 
to  correct  errors,  to  add  or  delete  words  to 
improve  clarity,  and  to  make  minor  changes 
in  requirements.  They  are  identified  by  the 
same  heading,  title,  symbols,  and  numbers  as 
the  Specification  with  which  they  are 
associated.  The  word  “Amendment"  fol- 
lowed by  a serial  number  and  the  date  of 
approval  appear  with  the  symbol  and 
numbers  in  the  upper  risht  comer.  It  is 
further  identified  by  a preamble  which 
follows  the  title.  Amendments  are  cumula- 
tive; i.e.,  each  successive  Amendment  is 
written  sc  as  to  completely  supersede  all 
previous  Amendments  (Ref.  2). 


Notices  are  intended  to  handle  adminiatra- 
tive  details,  such  as  cancellations,  superses- 
sion data,  changes  in  security  classifications, 
and  related  matters.  These,  too,  are  clearly 
identified  with  the  associated  Specification, 
are  numbered  consecutively,  and  are  written 
so  as  to  supersede  ail  previous  Notices  (Ref. 
2). 

A Supplement  it  ■ leaflet  eddition  to  a 
Specification  iitued  to  make  special  pro- 
visions for  limited  application  and  is  clearly 
identified  with  the  associated  Specification 
(Ref.  2). 

In  addition,  a Specification  Change  Notice 
(SCN)  may  be  issued  to  correct  a portion  of 
a Specification  that  does  not  Justify  a 
complete  revision.  An  SCN  form  is  used  as  a 
cover  sheet  and  letter  of  transmittal  for  the 
page  changes  associated  with  the  SCN.  SCN’a 
are  not  cumulative  insofar  as  transmittal  of 
previous  changes  is  concerned,  and  changes 
distributed  with  previous  SON'S  remain  in 
effect  unless  changed  by  a SCN  of  later 
iaaue.  The  summary  of  current  changes  is  a 
cumulative  summary  as  of  the  date  of 
approval  of  the  latest  SCN  (Refs.  8.26). 

64.4.8  Military  Handarda 

As  with  voluntary  consensus  standards 
and  Federal  Standards,  it  is  intended  that 
Military  Standards  be  active,  working  records 
of  the  decisions  and  recommendations  of  the 
best  authorities  on  the  subjects  covered. 
Their  primary  uae  is  to  serve  as  tools  for 
designers  and  engineers.  It  is  also  intended 
that  Military  Standards  prescribe  a level  of 
quality  and  reliability  commensurate  with 
the  needs  of  the  military  and  that  they  be 
used  with  confidence  in  the  development  of 
designs  and  in  manufacturing  (Ref.  16), 

64.4.6.1  Book-form  Military  Standards. 
Book-form  Military  Standards  are  used  for 
the  comprehensive  presentation  of  engineer- 
ing practices,  including  test  methods,  pro- 
cedures, processes,  codes,  safety  require- 
ments, symbols,  abbreviations,  nomenclature, 
type  designations,  and  characteristics  for 
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standard  equipments,  either  dngly  or  in 
families.  They  are  also  used  to  cover  overall 
characteristics  of  a family  of  end-items  or 
major  components.  Unlike  Specifications. 
Standards  are  not  procurement  documents. 
They  become  a procurement  consideration 
through  the  medium  of  Specifications.  Stan- 
dards insure  that  designers  and  manufactur- 
ers apply  standard  engineering  criteria  and 
use  standardised  components  whenever  prac- 
ticable. The  use  of  applicable  Military 
Standards  is  mandatory  in  the  DOD. 

Military  Standards  are  developed  through 
basically  the  tame  procedures  os  are  Military 
Specifications.  They  may  be  fully  coordi- 
nated or  limited  coordination  standards. 
During  development,  they  are  identified  as 
Proposed  Standards  and  may  be  modified 
through  the  issuance  of  revisions,  notices, 
and  change  no  .Ices  (Refs.  2,8).  Military 
Standards  are  not  amended. 

A book-form  Military  Standard  it  identi- 
fied by  the  heading  “Military  Standard”  and 
a three-part  symbol  composed  of  the  letters 
MIL-STD-  followed  by  an  Arabic  numeral. 


This  symbol  is  located  in  the  upper  right 
comer  of  the  rclf-cover.  The  approval  date 
appears  below  this  symbol,  as  illustrated  In 
the  following  example: 

Example:  MIL- STD-2 10 
I June  1953 

Revisions  and  supersessions  data  are  incor- 
porated in  the  symbol  in  the  same  manner 
as  for  a Military  Specification.  Revisions  are 
identified  by  a capital  letter  immediately 
following  the  document  symbol;  eg.,  MIL- 
STD-2I0A  is  the  tint  revision  of  MIL-STD- 
210.  Subsequent  revisions  are  identified  In 
alphabetical  sequence.  Supersession  data  are 
included  immediately  below  the  symbol  and 
date,  separated  by  a horizontal  line.  Fig.  6-9 
illustrates  a Military  Standard  self-cover 
sheet. 

Number  allocations  to  the  DOD  Depart- 
ments for  assignment  to  book-form  Military 
Standards  are  listed  in  Table  6-4. 

The  content  of  a book-form  Standard  is 
governed  by  its  purpose  and  the  specific 


TABLIM. 

NUMBSR  ALLOCATION!  PON  A8BIQNMINT  TO 
BOOK-FORM  MILITARY  STANDARD!  (Ref,  2) 


Dopartmant 

MIL-STD  Numbers 

Army 

317  through  400 
604  through  699 
901  through  930 
1,155  through  1,299 
1 ,400  through  1 ,499 

Navy 

700  through  799 
1,300  through  1.399 
(Excapt  1,321) 

Air  Forca 

800  through  899 

DSA 

931  through  1,154 
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requirements  involved.  Although  there  are 
numerous  variations,  a general  outline  of  the 
content  follows  (Ref.  2). 

A.  Self-cover 

B.  Promulgation  sheet 

C.  Foreword 

D.  Contents 

E.  Text  and  Illustrations 

1.  Scope 

2.  Referenced  documents 

3.  Definitions 

4.  General  requirements 

5.  Detail  requirements 

F.  Notices 

G.  Custodian,  preparing  activities,  other 
interest  designations 

H.  Appendixes 

I.  Index 

J.  Analysis  sheet  (DD  Form  1426) 

In  addition  to  the  heading  and  identifica- 
tion symbols,  the  self-cover  sheet  includes 
the  title  and  the  FSC  designation.  Since  the 
use  of  Military  Standards  is  mandatory,  it  is 
very  important  that  the  titles  of  Standards 
be  complete  and  precise.  Otherwise,  appli- 
cable standards  can  be  easily  overlooked.  A 
clear,  concise  statement  of  scope  is  also 
essential  since  it  defines  the  extent  of  the 
technical  contents  of  the  Standard. 

64.4.6.2  Sheet-form  (MS)  Standards . Sheet- 
form  or  MS  Standards  are  issued  to  cover 
component  parts-such  as  fasteners  and 
electronic  components-as  distinguished  from 
equipments.  They  provide  an  identifying 


standard  part  number  and  depict  physical 
and  design  features  of  items.  MS  Standards 
may  be  limited  or  frilly  coordinated  Stan- 
dards and  may  be  revised  to  reflect 
Specification  changes.  They  are  identified  by 
the  symbol  MS  followed  by  an  Arabic 
numeral.  The  numbers  allocated  to  the  DOD 
departments  for  assignment  to  MS  Standards 
are  tabulated  in  Thble  6-5.  Fig.  6-10 
illustratea  the  basic  format  of  an  MS 
Standard. 

6-4.5  MILITARY  HANDBOOKS 

Military  Standardization  Handbooks  are 
used  for  the  presentation  of  general  informa- 
tion, technical  data,  and  reference  material 
that  will  enhance  the  DSP.  They  are 
identified  by  a self-cover  sheet  that  eludes 
the  identifier  MIL-HDBK-  follower  by  an 
Arabic  numeral  and  an  approval  date  in  the 
upper  right  comer.  The  words  “Military 
Standardization  Handbook",  followed  by  a 
title,  are  centered  on  the  self-cover,  and  an 
FSC  designation  appears  in  the  lower  right 
comer.  Revision  symbols,  supersession  data, 
and  other  such  data  conform  to  the 
instructions  for  military  book-form  stan- 
dards. The  text,  style,  and  illustrations  also 
conform  to  book-form  standards  (Ref.  2). 

M.5  ADOPTION  OP  INDUSTRY  STAN- 
DARDIZATION DOCUMENTS 

It  is  a policy  of  the  DSP  to  adopt  suitable 
industry  standardization  documents  for  mili- 
tary use  whenever  a satisfactory  industry 
document  exists  but  no  satisfactory  military 
document  exists.  An  industry  document  also 
may  be  developed  for  DOD  adoption  if 
industry  is  willing  to  update  an  existing 
document  or  develop  u new  document  in 
time  to  meet  the  needs  of  the  military,  if  an 
industry  document  is  to  be  developed  or 
adopted  in  lieu  of  preparing  a military  or 
Federal  series  document,  it  is  required,  in 
part,  that  they  fully  satisfy  the  needs  of  the 
military  and  be  available  in  sufficient 
quantity  to  satisfy  DO  D-generated  demands. 

With  respect  to  the  development  or 
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TAKSM. 

NUMMR  ALLOCATION!  FOR  ARIRWIff  TO 
•HRKT-FORM  (Ml)  MILITARY  CTANOAROI 
IRef.  S) 


DipirtMnt 


Army 


Navy 


Air  Forci 


DSA 


NS  nuabart 


3,200 

10,000 

35.000 

51.000 
65,500 

70.000 
500.000 


through 

through 

through 

through 

through 

through 

through 


3,100  through 
3,211  through 
14,000  through 
90,294  through 
91,621  through 

8.000  through 

9.000  through 
20,026  through 


3,210 

13.999 

48.999 
63,199 
66,740 
90,000 

599,999 

3.199 

3,510 

19.999 
90,528 
91 ,676 

8,004 

9,999 

34.999 


100,000  through  499,999 


49,000 

63,200 

66,741 

90,530 

90.707 

90.906 
91,076 
91 ,269 
91 ,522 

91 .907 


through 

through 

through 

through 

through 

through 

through 

through 

through 

through 


50,000 

66,599 

69.999 
90,700 
90,900 

90.999 
91 .082 
91,309 
91,583 

99.999 


« 


adoption  of  industry  standardisation  docu- 
ments for  DOD  use,  an  aseisned  activity  is 
responsible  for  selecting  existing  documents 
having  a potential  for  DOD  use  and 
establishing  projects  for  obtaining  the  requi- 
site coordination  of  the  document  within 
DOD,  obtaining  additional  Industry  coordi- 
nation, if  required,  and  arranging  for  final 
DOD  approval  and  listing  in  the  DOD1SS.  If 
an  industry  document  is  to  be  developed,  an 
assigned  activity  is  responsible  for  assuring 
DOD  participation.  Each  industry  document 
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adopted  for  use  within  the  DOD  will  be 
identified  In  the  DODISS  by  an  industry 
group  symbol,  number,  title,  date  of  the 
DOD- adopted  issue,  and  the  military  coordi- 
nating activity  within  DOD.  Each  listed 
industry  document  will  be  identified  as 
either  coordinated  or  limited  coordination  in 
the  same  form  as  that  being  used  for 
identifying  Standards  and  Specifications  as 
either  coordinated  or  limited  coordination. 
The  military  coordinating  activity  will  en- 
deavor through  participation  with  industry 
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group*  to  have  each  adopted  industry 
document  kept  current  and  tui table  for 
military  uae. 

An  industry  document  adopted  outright  it 
the  subject  of  an  acceptance  notice  which, 
with  a copy  of  the  document,  is  submitted 
for  indexing  and  inclusion  in  the  DODISS.  It 
is  identified  by  the  title,  "Acceptance 
Notice",  and  in  DODISS  by  the  industry- 
assigned  number.  Pig.  6-1 1 is  an  example  of 
an  Acceptance  Notice  for  a coordinated 
industry  document  adopted  by  DOD. 

Other  industry  documents  ste  adopted  for 
DOD  use  only  in  part.  Excerpts  of  industry 
documents  ,nay  be  included  in  military 
standardization  documents  under  certain 
circumstances,  or  an  industry  document  may 
be  referenced  in  a military  or  Federal 
document.  Details  of  policies  and  procedures 
to  be  followed  are  included  in  the  DSP 
Manual  (Ref.  2). 

Standardization  documents  of  certain  in- 
dustry groups  have  been  cleared  for  adop- 
tion by  DOD  in  accordance  with  the 
procedures  of  the  DSP  Manual.  (Ref.  2). 

•4.7  ORDER  OP  PRICIDINCI 

MIL-STEM  43,  which  gives  the  order  of 
precedence  for  the  selection  of  standardiza- 
tion Specifications,  Hits  the  order  of  pre- 
cedence that  follows  for  the  selection  of 
Standards  and  Specifications  within  the 
Federal  Government,  including  the  DOD. 
The  selection  of  a Standard  or  Specification 
of  lower  precedence  is  to  be  made  only 
when  the  Standards  and  Specifications  (torn 
groups  above  it  do  not  provide  items 
technically  or  economically  suitable  for  the 
application.  The  selection  of  a document 
within  any  one  grouping  o'  Standards  and 
Specifications  shall  be  a suitable  Standard,  if 
any,  over  a suitable  Specification  (Ref.  28). 

1.  Coordinated  Federal  Standards  and 
Specifications 

2.  Coordinated  Military  Standards  and 
Specifications 


3.  Industry  standards  and  specifications; 
e.g.,  those  promulgated  by  nationally  recog- 
nised associations,  committees,  and  technical 
societies  having  coordinated  status  estab- 
lished under  DOD  policies  and  procedures 

4.  Limited  coordination  Military  and  in- 
terim Federal  Standards  and  Specifications 
issued  by  the  Government  command  or 
agency  concerned 

5.  Industry  standards  and  specifications 
having  limited  coordination  status  estab- 
lished by  the  Government  command  or 
agency  concerned  under  DOD  policies  and 
procedures 

6.  Limited  coordination  Military  and  in- 
terim Federal  Standards  and  Specifications 
issued  by  other  Government  commands  or 

agencies 

7.  Industry  standards  and  specifications 
promulgated  by  nationally  recognised  indus- 
try associations,  committees,  and  technical 
societies  that  ate  not  listed  in  the  DODISS 

8.  Government  Standards  and  Specifica- 
tions other  than  those  of  the  Military  and 
Federal  series,  and  not  listed  in  DODISS; 
e.g„  D-23  Specifications  (Ref.  21). 


•-•  ENVIRONMENTAL  STANDARDIZA- 
TION DOCUMENTS 

Standards  and  specifications  define  the 
characteristics  of  virtually  all  military  mate- 
riel including  their  compatibility  with  the 
environment  to  be  encountered  during  their 
life  cycle.  Of  the  life  cycle  phases,  the 
operational  or  use  phase  is  primary  in  that 
all  other  phases  exist  for  this  phase  alone.  In 
a broad  sense,  standards  and  specifications 
applicable  to  every  phase  relate  to  the 
operational  environment.  An  operational 
environment  is  envisioned  in  the  concept 
formulation  phase,  for  example,  and  materiel 
and  processes  are  specified  in  other  phases 
with  the  operational  environment  in  mind. 
Environmental  criteria  usually  are  specified 
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in  the  contract  definition  phaie,  and  en- 
vironmental teats  are  conducted  in  both  the 
development  and  production  phases.  The 
environmental  teats  specified  are  to  demon- 
strate that  the  item  will  function  as  it  is 
designed  to  function  and  under  the  condi- 
tions expected  during  its  lifetime. 

Environmental  criteria  exist  in  most 
equipment  specifications.  A complete  equip* 
ment  specification  comprises  so  many  de- 
tailed specifications  that  many  include  gen- 
eral environmental  standards  and  specifica- 
tions by  reference  only.  These  general 
environmental  documents  are  discussed  in 
detail  in  this  paragraph.  Environmental 
standards  and  specifications  have  several 
advantages  over  equipment  standards  and 
specifications  that  contain  environmental 
criteria.  It  is  extremely  difficult  to  insure 
that  the  latest  information  is  reflected  in 
every  applicable  specification  as  compared  to 
a general  environmental  standardisation  doc- 
ument. Furthermore,  if  individually  pre- 
pared. different  environmental  requirements 
may  be  specified  for  otherwise  identical 
equipment,  significantly  incretaing  costs. 

Environmental  standardization  documents 
and  environmental  criteria  in  equipment 
specifications  are,  in  general,  out  of  date  and 
baaed  upon  uncertain  assumptions  that  are 
documented  poorly  if  documented  at  all. 
Considerable  effort:  are  being  invested  in 
updating  environmental  data  and  environ- 
mental standardization  documents  (Refs. 
29,30).  Table  6-6  indicates  the  types  of 
environmental  tests  found  in  a variety  of 
Military  Standards. 


experience,  a US  Army  Quartermaster 
Report  was  published  in  1951  which  pro- 
vided low-risk,  surface  level  land  and  sea 
extremes.  This  report  served  as  the  basis  for 
the  original  MIL-STD-210  which  was  pub- 
lished and  made  mandatory  for  DOD  use  in 
June  1953.  The  A revision,  published  in 
August  1957,  includes  limited  upper  air 
data.  MIL-STD-210  is  the  basic  document 
describing  military  environmental  extremes. 
It  is  a unique  document,  unlike  any  others 
to  be  discussed. 

MIL-STD-210  lists  the  probable  extreme 
climatic  conditions  of  the  natural  environ- 
ment to  which  military  equipment  may  be 
exposed.  Probable  extremes  are  defined  as 
values  determined  by  scientific  judgment  not 
to  be  surpassed  in  more  than  10  percent  of 
the  days  during  the  most  extreme  month  (3 
days).  This  is  a calculated  risk  policy 
adopted  in  view  of  the  increased  cost  and 
complexity  of  designing  military  equipment 
for  the  absolute  extreme  conditions  that 
might  occur  anywhere  in  the  world.  Hie 
environmental  factors  considered  in  this 
standard  are  thermal  stress,  humidity,  precip- 
itation, wind,  penetration  and  abrasion,  and 
atmospheric  pressure.  Seven  spheres  of 
operations  are  delineated  as  follows  (Ref. 
31): 

1.  Operation,  ground,  worldwide 

2.  Operation,  ground,  arctic  winter 

3.  Operation,  ground,  moist  tropics 

4.  Operation,  ground,  hot  desert 


S.  Operation,  shipboard,  worldwide 

6-B.1  MIL-8TD-210.  CLIMATIC  EX- 
TREMIS FOR  MILITARY  EQUIP-  6.  Operation,  airborne,  worldwide 

MINT 

7.  Worldwide  short-term  storage  and  tran- 
M1L-STD-2I0.  Climatic  Extremes  for  Mllb  sit. 
lory  Et'ulpmeni,  evolved  from  the  structural 

and  operational  failure  of  combat  and  MIL-STD-2I0A  currently  is  being  revised, 

support  equipment  during  World  War  II  A revision,  the  B revision,  has  been 
because  of  exposure  to  environmental  ex-  undertaken  in  1972-73  and.  when  published, 

tremes  (Ref.  31).  In  response  to  this  will  supersede  revision  A.  This  revision  effort 
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was  brought  about  by  a vastly  improved 
climatological  data  base,  maturing  concepts 
In  the  application  of  climatic  information  in 
design,  and  dissatisfaction  with  wording  in 
the  current  issue. 

An  introductory  paragraph  to  revision  A 
reads,  in  part,  aa  follows:  “This  standard 
indicates  the  probable  extreme  climatic 
conditions  of  the  natural  environment  to 
which  military  equipment  may  be  exposed 
and  is  intended  to  establish  uniform  limits 
not  to  be  exceeded  in  normal  design 
requirements/'  With  this  wording  in  the 
Introduction,  the  standard  can  be  inter- 
preted as  a restriction  for  establishing  design 
extremes  not  to  be  exceeded  rather  than  a 
requirement  that  these  extremes  be  the  goals 
for  military  equipment,  as  wss  the  original 
purpose  of  the  drafters  of  the  first  edition. 
Preliminary  drafts  of  the  B revision  indicate 
that  the  “purpose"  will  be  reworded  to  read, 
in  part,  as  follows  (Ref.  32): 

“To  establish  mandatory  require- 
ments to  be  used  as  a basis  for  design 
of  military  materiel  which  must  with- 
stand and  operate  in  the  world-wide 
climatic  extremes  of  the  natural  en- 
vironment. These  requirements  are  not 
necessarily  testing  criteria,  but  will 
serve  as  a basis  for  testing.  This 
document  does  not  apply  in  the  design 
of  materiel  to  be  used  only  in  specific 
locations. 

“When  these  requirements  are  im- 
practical for  a specific  item  of  materiel, 
an  exception  or  deviation  must  be 
identified  and  justified.  This  justifica- 
tion will  include  engineering  studies 
showing  savings  involved  in  the  accept- 
ance of  alternative,  limiting  extremes, 
and  environmental  studies  showing  the 
risk  incurred  by  the  acceptance  of  these 
alternatives." 

The  proposed  B revision  contains  other 
fundamental  and  noteworthy  changes  in 
philosophy  and  content  from  the  A revision. 


Major  changes  are  discussed  in  the  para- 
graphs that  follow. 

Extremes  for  only  the  unmodified,  natural 
environment  are  included  in  the  B revision. 
Revision  A includes  a set  of  extremes  for 
short-term  storage  and  transit  that  is  now 
considered  unrealistic  and  that  significantly 
increases  the  difficulty  and  cost  of  equip- 
ment design. 

Storage  and  transit  extremes  are  too 
dependent  upon  physical  properties  of  the 
equipment  and  conditions  of  exposure  to  be 
specified  quantitatively  in  any  standard.  It  is 
unrealistic  to  hope  to  specify  the  infinite 
number  of  intermediate,  induced  conditions 
that  can  occur  in  storage. 

Extremes  are  separated  into  three  parts: 
overland,  maritime  (over  sea  and  coast),  and 
upper  air.  Only  one  set  of  extremes  for  cuch 
part  will  be  presented  us  opposed  to  regional 
breakdowns:  e.g..  arctic  winter,  hot  desert, 
etc.  These  extremes  are  representative  of  the 
severest  geographic  areas  but  not  of  anom- 
alous locations  within  those  areas.  Extreme 
values  for  several  environmental  factors 
deemed  Important  in  the  design  of  some 
equipments  are  not  included  because  of  a 
lack  of  duta.  These  are  to  be  included  in 
subsequent  revisions  as  needs  arise  and  data 
become  available. 

The  two  types  of  mandatory  extremes 
used  in  the  B revision  are  operating  and 
withstanding,  rather  than  operations  and 
short-term  storage  in  transit  as  currently 
used  in  the  A version.  Moreover,  the  risk 
policy  is  chunged  from  extremes  that  are 
equaled  or  surpassed  on  10  percent  of  the 
days  (3  days)  to  I percent  of  the  hours  (7.4 
hr)  in  the  most  severe  month  for  most  of 
the  climatic  elements  (some  exceptions  huve 
been  recommended). 

Extremes  that  have  a near  zero  chance  of 
being  equated  or  surpassed  arc  to  be 
provided  as  design  goals  for  equipment  when 
operational  failure  due  to  un  extreme 
environment  would  endanger  life.  Further- 
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more,  a set  of  less  severe  values  with  a 
greater  likelihood  of  occurrence  than  tne 
mandatory  limits  may  be  included  in  the  B 
revision  to  provide  guidance  in  requesting 
waivers. 

Climatic  extremes  given  individually  in 
revision  A frequently  have  been  used  jointly 
in  equipment  testing  to  provide  so-called 
accelerated  or  aggravated  tests.  This  practice 
frequently  leads  to  conditions  that  involves 
many  cycles  of  the  simulated  natural 
extremes,  but  imposed  in  much  shorter  time 
than  would  be  encountered  in  nature. 
Accelerated  tests  provide  some  indication  of 
the  long-term  tolerance  of  a piece  of 
equipment;  however,  they  do  not  include 
highly  controlled  correlations  determined  in 
the  laboratory.  However,  aggravated  tests 
utilizing  extremes  far  beyond  those  occur- 
ring in  nature  should  be  used  only  when  the 
results  of  the  tests  can  be  correlated  to 
degradation  in  the  natural  environment  from 
past  investigations  for  the  specific  class  of 
items  being  tested  (Ref.  32). 

6-6.2  MIL-STD-810,  ENVIRONMENTAL 
TEST  METHODS 

MII^STD-810,  Environmental  Test  Meth- 
ods, establishes  uniform  environmental  test 
methods  for  determining  the  resistance  of 
equipment  to  the  effects  of  natural  and 
induced  environments  peculiar  to  military 
operations  (Ref.  33).  It  evolved  from  an 
obvious  need  to  upgrade  existing  environ- 
mental test  procedures  and  criteria  and  to 
er+ablish  a single  standard  environmental  test 
document. 

Numerous  standardization  documents 
were  reviewed  during  its  preparation  and 
three,  in  particular,  are  reflected  in  MIL- 
STD-810.  These  are  MIL-T-5422F(AS),  Test- 
ing, Environmental,  Airborne,  Electronic, 
and  Associated  Equipment;  MIL-E- 
5272C(ASG),  Environmental  Testing,  Aeru- 
nauthal  and  Associated  Equipment,  General 
Specification  for;  and  M1L-E-497Q.  Environ- 
mental Testing,  Ground  Support  Equipment 
(Refs.  34-36),  MIL-E-4970  wus  cancelled 


subsequent  to  the  publication  of  the  B 
revision  of  MIL-STD-810,  and  both  MIL-E- 
5272  and  MIDT-S422  are  inactive  for  new 
designs  that  should  use  MIL-STD-810.  MIL- 
STD-810  includes  19  environmental  test 
methods  applicable  to  most  military  materiel 
and  recommends  a test  sequence  to  be 
followed  for  each  category.  Specific  items  of 
materiel  referenced  in  the  standard  are  all 
ground  equipment  for  both  sheltered  and 
unsheltered  use;  aircraft  and  missile  support 
equipment  for  outdoor  use;  electrical,  elec- 
tronic, and  communications  equipment  in 
both  sheltered  and  unsheltered  environ- 
ments; and  equipment  installed  in  aircraft, 
helicopters,  and  air  and  ground  launched 
vehicles.  Additionally,  guidance  in  testing 
satellites  and  space  vehicles  is  included.  The 
test  method  included  in  MIL-STD-810  are 
tabulated  in  Table  6-7  (Refs.  33,37). 

R 'vision  C of  MIL-STD-810  is  currently 
in  preparation  which  will  significantly  alter 
its  format  and  its  technical  procedures.  The 
present  version  will  evolve  into  two  separate 
documents  with  revision  C.  MIL-STD-810 
will  be  issued  as  an  upgraded  environmental 
test  methods  document,  and  a new  standard 
(proposed  MIL-STD-81 1 ) will  be  issued  as  a 
test  requirements  document.  This  practice  is 
in  common  use;  e.g.,  MIL-E-540C  is  an 
environmental  requirements  doc  nent  and 
MIL-T-5422  is  a related  environmental  test- 
ing document  (Refs.  38,34).  The  environ- 
mental requirements  document  will  include  a 
description  of  the  environmental  conditions 
under  which  the  equipment  will  be  used, 
including  the  environmental  extremes  to  be 
encountered  during  its  life  cycle.  The 
requirements  document  will  delineate  be- 
tween operating  and  withstanding  environ- 
ments and  specify  required  environmental 
tests.  The  test  methods  document  will 
include  improved  and  upgraded  test  methods 
that  are  more  readily  adaptable  to  specific 
equipment  requirements,  an  objective  parti- 
ally achieved  in  revision  B.  Additionally, 
detailed  failure  criteria  that  include  failure 
mode  descriptions  and  exact  retest  pro- 
cedures have  been  proposed  for  the  MIL- 
STD-810C/81I  documents. 
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A difficulty  frequently  encountered  in 
revising  or  consolidating  environmental  stan- 
dardization documents  is  a lack  of  informa- 
tion concerning  the  origin  of  requirements 
and  test  limits.  The  M1L-STD-810  review 
committee  has  recommended  that  the  back- 
ground to  all  new  requirements  and  test 
methods  be  documented,  referenced  in  the 
Standard,  and  kept  on  file  by  the  commit- 
tee. This  recommendation  is  not  intended  to 
prevent  the  inclusion  of  new  concepts  that 
are  6ased  on  engineering  judgment.  In  many 
cases  engineering  judgment  is  the  only  basis 
for  including  new  concepts.  The  rationale 
for  r ch  inclusions  should  be  documented, 


however,  to  enhance  future  revision  efforts 
(Ref.  30).  ' 

6-6.3  MIL-8TD-202,  TEST  METHODS  FOR 
ELECTRONIC  AND  ELECTRICAL 
COMPONENT  PANTS 

M1L-STD-202  “establishes  uniform  meth- 
ods for  testing  electronic  and  electrical 
component  parts,  including  basic  environ- 
mental tests  to  determine  resistance  to 
deleterious  effects  of  natural  elements  and 
conditions”  (Ref.  39).  It  is  a basic  environ- 
mental standardization  document  compar- 
able to  M1L-STD-8I0;  however,  it  is  spe- 
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ciflcally  applicable  to  component  parts, 
whereas  M1L-STD-8I0  is  applicable  to  mate- 
riel. 

The  test  methods  included  in  MIL- STD- 
20  2 are  classified  as  environmental  tests, 
physical  characteristics  tests,  and  electrical 
characteristics  tests.  Many  of  the  physical 
characteristics  tests  are  actually  induced 
environmental  tests  and  are  tabulated  along 
with  the  environmental  tests  in  Table  6-8. 

6-6.4  OTHER  ASSOCIATED  DOCUMENTS 

MIL-T-5422F(AS),  Testing,  Environ- 
mental, Airborne  Electronic  and  Associated 
Equipment,  is  a limited  coordination  Mili- 
tary Specification  approved  by  the  Naval  Air 
Systems  Command  (Ref.  34).  It  contains 
procedures  for  the  environmental  testing  of 
the  subject  equipment.  This  test  method 
specification  is  inactive  for  new  designs  and 
MIL-STD810  should  be  used  Instead.  How- 
ever, much  materiel  in  the  military  inventory 


was  qualified  through  the  testing  procedures 
in  MIL-T-S422  and  replacement  parts  will 
continue  to  be  qualified  by  this  document 
until  this  materiel  is  replaced.  The  environ- 
mental tests  specified  in  this  Specification 
are  largely  reflected  and  upgraded  in  MIL- 
STD810  (Ref.  33). 

MIL-E-5272C(ASG),  Environmental,  Test- 
ing, Aeronautical  and  Associated  Equipment, 
General  Specification  For,  is  another  limited 
coordination  specification  (Ref.  35).  It  is 
inactive  for  new  design,  but  is  still  used  in 
the  procurement  of  replacement  parts  for 
the  maintenance  of  military  materiel.  For 
new  designs,  MIL-STD810  must  be  used  in 
lieu  of  MIL-E-5272.  Test  methods  compar- 
able to  those  of  MIL-E-5272  are  included  in 
MIL-STD810  (Ref.  33). 

MIL-STD-446,  Environmental  Require- 
ments for  Electronic  Parts,  “establishes 
uniform  levels  of  environment  and  condi- 
tions that  electronic  parts  will  be  exposed  to 


TABLE  M. 

ENVIRONMENTAL  TEST  METHOD!  IN  MIL-STD-202 


Test  method 

Environmental  factor 

101 

Salt  spray  (corrosion) 

102 

Tamparatura  cycling 

103 

Humidity 

104 

Immersion 

105 

Barometric  pressure  (reduced) 

106 

Moisture  resistance 

107 

Thermal  shock 

109 

Explosion 

no 

Sand  and  dust 

in 

Flammability 

112 

Seal 

201.  204,  214 

Vibration 

202,  205,  207,  213 

Shock 

212 

Acceleration 
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in  military  service"  (Ref.  40).  It  establishes 
environmental  goali  to  be  met  in  developing 
parts  to  meet  military  needs.  It  does  not 
include  test  methods  but  rather  references 
test  methods  from  other  documents. 

A particularly  useful  feature  of  MIL-STD- 
446  is  an  appendix  that  provides  guidance 
for  determining  the  environmental  require- 
ments levels  of  component  parts  that  are 
compatible  with  the  parts  application  In 
military  equipment.  Seven  categories  of 
application  are  defined,  and  environmental 
factors  characteristic  of  each  category  are 
tabulated.  Table  II  of  that  appendix  it 
included  herein  as  Table  6-9. 

These  and  many  other  standardization 
documents  that  relate  to  the  environment 
are  categorized  and  tabulated  in  Table  6-10. 
The  Criteria,  Terminology,  and  Text  Method 
documents  are  limited  in  number,  and  their 
tabulations  in  the  table  are  reasonably 
complete.  Equipment  specifications  that  con- 
tain environmental  criteria  are  numerous,  so 
that  the  tabulation  of  such  specifications 
should  be  considered  only  as  a sample. 

0-6  STANDARDIZED  ENVIRONMENTAL 
TESTS 

Environmental  tests  an  conducted  to 
determine  the  effect?  of  the  environment  on 
materiel.  In  keeping  with  the  objectives  of 
the  Defense  Standardization  Program  (DSP), 
many  environmental  tests  have  been  stan- 
dardized in  military  and  other  standards  and 
specifications.  These  standardized  tests  are 
intended  to  reflect  the  natural  and  induced 
environments  to  which  military  materiel  will 
be  exposed.  They  are  helpful  at  each  of  the 
life  cycle  phases  and  are  mandatory  upon 
the  DOD  departments. 

Although  numerous  equipment  specifica- 
tions include  environmental  criteria,  there 
are  relatively  few  environmental  test  stan- 
dards anti  specifications.  As  the  DSP  contin- 
ues to  evolve,  it  is  likely  that  many  will  be 
cancelled  in  lieu  of  improved,  more  appli- 
cable documents.  For  example,  MIL-T-5422 


and  MIL-E-5272  are  reflected  largely  in 
MIL-STD-810  and  are  inactive  for  new 
designs. 

Table  6*1 1 tabulates  environmental  factors 
for  which  standardized  test  procedures  have 
been  prepared.  Applicable  standards  and 
specifications  are  included  for  each  factor 
■long  with  a brief  statement  of  the  test 
conditions.  A brief  discussion  of  each  of 
these  standardized  environmental  tests  fol- 
lows. 

64.1  ALTITUDE  (LOW  PRESSURE) 

Altitude  or  low  pressure  tests  are  con- 
ducted to  determine  the  deleterious  effects 
of  low  pressure  on  unpresaurized  aerospace 
and  ground  equipment.  Ground  equipment 
may  be  exposed  to  irtw  pressure  while  being 
air  transported  or  whe.i  operated  at  elevated 
ground  Bites.  Unpressurized  aerospace  equip- 
ment is  required  to  perform  satisfactorily 
under  all  low  pressure  mission  conditions. 
Low  pressure  problems  evolved  as  aircraft 
began  flying  at  altitudes  higher  than  a few 
thousand  feet  above  sea  level.  They  vary  In 
severity  from  the  mild  problems  encountered 
by  aircraft  flying  in  the  atmosphere  of  the 
earth  to  the  severe  ones  encountered  by 
space  vehicles  in  the  near-perfect  vacuum  of 
outer  space  (Ref.  33). 

Low  pressure  test  requirements  for  ground 
support  in  aerospace  equipment  are  dis- 
cussed in  MIL-E-5272.  A temperature  of 
-54°C  is  specified,  but  various  altitudes  to 

100.000  ft  are  given.  MIL-T-5422  contains  a 

t e m p e r a t u re-altitude,  mission-nrofile-ty  pe 

test  with  a choice  of  temperatures  ranging 
from  +260°C  to  -62°C  and  altitudes  to 

80.000  ft.  In  neither  of  these  specifications 
is  any  mention  made  of  dewpoint  control. 
The  low  pressure  test  of  MIL-STD-810 
standardizes  the  wide  spread  of  altitude  and 
temperature  requirements  in  existing  equip- 
ment specifications  and  reconciles  the  differ- 
ences in  MIL-E-5272  and  MIL-T-5422. 

With  the  advent  of  space  vehicles,  no  set 
limit  short  of  a perfect  vacuum  can  be 
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TAILS  HO. 

■NVIRONMINTAL  STANDARDIZATION  OOCUMINTS  (Rif.  30) 


Catogory/Documont 
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TABLE  *10  (OonttmMdL 

ENVIRONMENTAL  STANDARDIZATION  DOCUMENTS  (fcrf.  SO) 


Category/Document  Title 


7. 

MIL-T-21200 

Test  Equipment  for  Use  with  Electronic 
and  Fire  Control  Systems,  General 
Specification  for 

8. 

MIL-STD- 331 

Fuze  and  Fuze  Components  Environmental 
and  Performance  Test  for 

9. 

MIL-STD-167 

Mechanical  Vibrations  of  Shipboard 
Equipment 

10. 

MIL-STD-258 

Test  and  Inspection  of  Trucks,  Forklift, 
Self-side  Loading,  Gasoline 

n. 

MIL-STD- 259 

Test  and  Inspection  of  Tractor,  Wheeled, 
Warehouse,  Gasoline  and  Electric 

12. 

MIL-STD- 261 

Test  and  Inspection  of  Crane  Truck, 
Warehouse,  Gasoline,  Pneumatic  Rubber  Tires 

13. 

MIL-STD- 262 

Test  and  Inspection  of  Crane  Truck, 
Warehouse,  Electric*  Solid  Rubber  Tires 

14. 

MIL-STD- 265 

Test  and  Inspection  of  Truck,  Fixed 

15. 

MIL- STD- 266 

Test  and  Inspection  of  Truck,  Fixed 
Platform,  Powered  Electric  Pneumatic 
Rubber  Tires 

16. 

MIL-STD- 267 

Test  and  Inspection  of  Truck,  Straddle- 
carry,  Gasoline,  Pneumatic  Rubber  Tires 

17. 

MIL-STD- 268 

Test  and  Inspection  of  Truck,  Lift,  Fork 

18. 

MIL-ST D-735 

Test  Methods  and  Test  Equipment  for 
Thermometers  used  In  Machinery  and 
Piping  Systems 

19. 

MIL-STD- 788 

Test  Requirements  for  Replenishment-at-sea 

20. 

MIL-STD- 858 

Testing  Standard  for  Personnel  Parachutes 

21. 

MIL-STD- 872 

Test  Requirements  and  Procedures  For 
Aircraft  Emergency  Ground  and  Ditch 
Escape  Provisions 

22. 

MIL-STD-888 

Testing  Program  for  Emergency  Escape 
Capsule  Recovery  Systems 

23. 

MIL-STD- 448 

Test  Methods  For  Construction  and  Industrial 
Machinery 
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specified  for  installed  equipment  operation.  6-6.2  HIGH  TEMPERATURE 
In  consideration  of  this  fact.  Method  S00, 

Procedure  2 of  M1L-STD-8I0  simply  states  The  high  temperature  test  is  conducted  to 

that  the  chamber  internal  pressure  shall  be  determine  the  resistance  of  aerospace  and 

reduced  to  the  lowest  pressure  condition  for  ground  equipment  to  elevated  temperatures 

which  the  test  item  is  designed  to  operate  that  may  be  encountered  during  service  life, 

while  maintaining  the  specified  temperature.  either  in  storage  with  or  without  protective 

packaging  or  under  service  conditions.  Many 
Currently,  the  Standards  and  Specifics-  types  of  equipment  are  affected  by  high 

tions  pertinent  for  low  pressure  or  altitude  temperature,  but  not  all  in  the  same  way. 

tests  are  MIL-STD-810,  Methods  500  and  The  high  temperature  test  is  recommended 

504;  MIL-E-5272,  Section  4.14;  and  MIL-  for  all  classes  of  aerospace  and  ground 

T-5422,  Section  1.4.  The  temperature-  equipment.  In  the  absence  of  well-defined 

altitude  test  of  MIL-T-5422  has  been  system  criteria  regarding  compartment  tern- 

incorporated  into  the  temperature-altitude  peratures.  Intended  heat  exchangers,  ram  air 

test,  Method  504,  of  MIL-STD-810.  The  available  for  cooling,  etc.,  general  test 

requirement  for  conducting  a corona  or  procedures  can  give  only  general  guidance 

electric  arc  survey  with  the  test  item  and  test  levels  for  performing  the  average 

operating  as  pressure  is  Increased  is  unique  test.  Test  Method  504  of  MIL-STD-810 

to  MIL-STD-810.  This  survey  is  not  included  recognizes  the  ever-increasing  severity  of 

in  MIL-E-5272  or  MIL-T-5422.  equipment  operating  temperatures.  Five 

equipment  classes  are  identified  in  this 
These  standards  and  specifications,  in  standard,  and  tests  are  indicated  that  range 

some  instances,  control  both  temperature  from  55*  to  260*C  (131*  to  500*F). 

and  pressure.  Low  pressure  can  be  included 

as  part  of  any  combined  environmental  tests;  6-6.3  LOW  TEMPERATURE 
however,  since  the  purpose  of  these  tests  is 

to  attain  the  specified  vacuum,  other  Low  temperature  testing  is  conducted  to 

environments  are  either  ignored  or  uncon-  determine  the  effects  of  low  temperature  on 

trolled.  aerospace  and  ground  equipment.  Low 
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Circular  vibration  node,  0.018  to  0.020  in 
cycle  each  hour  for  5 hr 
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temperature  is  encountered  from  ground 
) level  to  all  altitudes.  As  a result  of  the  low 
temperature  testing  experience  gained  in  the 
past,  and  based  upon  criteria  established  in 
MIL-STD-210,  the  following  conditions  are 
established  as  standard : 

(1)  -62®C  (-80®F)  for  transportation  and 
storage 

(2)  -54°C  (-65®F)  for  worldwide  opera- 
tions 

*3)  -40°C  (-40°F)  for  operation  in  con- 
tinental United  States 

(4)  +2°C  (+35®F)  for  equipment  operated 
in  temperature  controlled  areas. 

The  low  temperature  testing  specified  in 
MIL-STD-810  provides  the  lowest  natural 
temperature  conditions  that  aerospace  and 
ground  equipment  can  be  expected  to 
experience  except  for  possible  extreme 
conditions  in  the  Antarctic  or  operations 
involving  cryogenic  fluids.  MIL-E-810  is 
basically  a combination  of  MIL-E-4970, 
which  it  supersedes,  and  MIL-E-5272C.  It 
takes  into  consideration  the  lowest  tempera- 
ture under  which  the  test  item  is  designed  to 
operate.  MIL-STD-810  requires  the  minimum 
exposure  of  not  less  than  48  hr  to  a 
temperature  of  -62“C  (-  80°F).  It  is  reasoned 
that,  for  all  practical  purposes,  most  test 
items  would  have  reached  stabilization  after 
48  hr  and  that  little  could  be  gained  by 
exposure  for  an  additional  24  hr.  However, 
experience  has  shown  that  some  massive  test 
items  actually  do  require  up  to  72  hr  to 
reach  a practical  degree  of  stabilization. 
Also,  congealing  of  oils  and  greases  Is  a 
progressive  action  extending  over  hours  or 
days.  Differential  contraction  and  other  low 
temperature  effects  cannot  be  complete  until 
stabilization  at  a low  temperature  is  com- 
plete. The  exposure  time  of  a low  tempera- 
ture test  must  be  sufficiently  long  to  Insure 
. that  the  effects  that  will  occur  during 
operational  use  will  also  occur  during  the 
test.  Investigation  of  changes  in  organic 
materials  (such  as  lubricants,  plastic,  and 
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rubber)  and  test  experience  have  indicated 
that  72  hr  is  usually  a correct  time  duration 
(Ref.  32). 

The  rapidly  expanding  use  of  cryogenic 
fluids  has  opened  a whole  new  area  of  low 
temperature  operations.  Cryogenic  engineer- 
ing has  developed  as  a specialized  field  of 
knowledge.  Items  such  as  pumps,  valves, 
storage  vessels,  and  connecting  pipes  are 
designed  and  used  according  to  cryogenic 
practices.  These  items  are  tested  by  installing 
them  in  cryogenic  systems.  Test  Method  S 1 7 
of  MIL-STD-810  requires  a test  chamber 
wall  temperature  of  -!95®C  (-320®F).  This 
is  the  only  current,  general  environmental  test 
procedure  that  requires  use  of  cryogenic 
temperatures. 

64.4  TEMPERATURE  SHOCK 

1 

The  temperature  shock  test  is  conducted  j 

to  determine  the  effects  on  aerospace  and 
ground  equipment  of  sudden  changes  in 
temperature  of  the  surrounding  atmosphere. 

Cracking  or  rupture  of  material  due  to 
sudden  dimensional  changes-by  expansion 
or  contraction-are  the  principal  difficulties 
to  be  anticipated.  This  could  occur  in  service 
to  aerospace  equipment  during  rapid  altitude 
changes  and  whenever  ground  equipment  is 
moved  from  heated  storage  buildings  to  low 
temperature  or  outdoor  areas  or  vice  versa. 

An  item  of  equipment  may  be  exposed  to 
the  heat  of  the  desert  and  tropics  on  the 
ground  and  to  the  low  temperature  of  high 
altitude  a few  minutes  later.  It  is  possible, 
for  example,  for  an  item  ol  equipment  to  be 
subjected  to  a maximum  ambient  tempera- 
ture traverse  of  125  deg  C (225  deg  F) 
within  a few  minutes.  This  rapid  change  of 
ambient  temperature  in  an  item  of  equip- 
ment, known  as  temperature  shock,  may 
cause  malfunctions. 

The  temperature  exti ernes  specified  for 
thermal  shock  tests  arc  not  intended  to  be 
in  agreement  with  temperature  extremes 
specified  for  high  and  low  temperature  tests. 

The  extremes  specified  lor  thermal  shock 
tests  are  intended  to  provide  for  a thermal 
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traverse  or  12S  deg  C within  a few  minutes 
(Ref.  37). 

6-6.6  TEMPERATURE- ALTITUDE 
(CYCLING) 

The  temperature-altitude  test  applies  to 
aerospace  equipment  and  is  conducted  to 
determine  the  ability  of  such  equipment  to 
operate  satisfactorily  under  simultaneously 
applied  varying  conditions  of  low  pressure, 
high  and  low  temperature,  and  high  relative 
humidity.  The  temperature-altitude  test  and 
low  temperature  solar  energy  test  of  MIL- 
STD-810  are  the  only  tests  in  present 
environmental  test  standards  and  specifica- 
tions that  attempt  to  accomplish  a combined 
or  mission  profile  type  test.  The  test 
combines  over  a specified  time  period,  high 
humidity,  temperature  extremes,  low  pres- 
sure, and  equipment  on  off-duty  cycles. 
Only  the  absence  of  the  temperature  shock, 
mechanical  shock,  vibration,  acceleration, 
and  explosive  atmosphere  in  environments 
prevents  this  procedure  from  being  a total 
mission  profile  test. 

Tliis  test  differs  from  the  low  pressure 
(altitude)  tests  discussed  in  par.  6-6.1  by  the 
addition  of  humidity  as  an  environmental 
factor.  With  the  introduction  of  humidity, 
the  formation  and  melting  of  frost  during 
cycling  from  low  to  high  temperatures  is  an 
added  factor. 

6-6.6  SUNSHINE  (SOLAR  RADIATION) 

The  sunshine  test  is  conducted  to  deter- 
mine the  deleterious  effects  of  radiant 
energy  on  aerospace  and  ground  equipment. 
The  sunshine  test  is  applicable  to  any  item 
of  equipment  that  may  be  exposed  to 
sunshine  during  service  at  the  surface  of  the 
earth  or  In  the  lower  atmosphere  (below 
100,000  ft).  For  the  purposes  of  this  test, 
only  the  terrestrial  portion  of  the  solar 
spectrum  is  considered.  The  effects  of  solar 
radiant  energy  may  be  divided  into  two 
general  classlfkations-heat  effects  and 
photochemical  effects.  Heat  effects  on  ex- 
posed equipment  can  raise  the  internal 


temperature  of  the  equipment  substantially 
above  the  ambient  temperature.  The  photo- 
chemical effects  of  sunshine  may  cause 
fading  of  colors,  deterioration  of  paints, 
plastics,  fabrics,  and  natural  rubber. 

The  solar  spectrum  and  energy  distribu- 
tion within  the  spectrum  have  been  mea- 
sured scientifically  and  accurately.  It  is 
difficult,  however,  for  state-of-the-art  energy 
sources  to  match  perfectly  this  spectrum  and 
energy  distribution.  The  present  test  simu- 
lates the  radiant  heat  effects  of  natural 
sunshine. 

In  a sunshine  test,  the  heat  effect  is  due 
to  radiation.  It  is  directional  and  produces 
temperature  gradients  through  the  test  item. 
The  temperature  will  vary  from  a low,  equal 
to  ambient  air  temperature,  to  a high,  many 
degrees  above  ambient. 

Although  the  sunshine  test  rarely  is 
performed  in  combination  with  other  en- 
vironmental tests,  the  following  relationships 
can  exist: 

(1)  Sunshine  and  fungus.  Because  of  the 
resulting  heat  from  solar  radiation,  this 
combination  probably  produces  the  same 
combined  effects  as  high  temperature  and 
fungus. 

(2)  Sunshine  and  sand  and  dust.  It  is 
suspected  that  this  combination  will  produce 
high  temperatures. 

(3)  Sunshine  and  vibration.  Under  vibra- 
tion conditions,  solar  radiation  deteriorates 
plastics,  elastomers,  oils,  etc.,  at  a higher 
rate.  The  sunshine  tests  are  applicable  to 
equipment  that  may  be  exposed  to  solar 
radiation  during  service  or  unsheltered  stor- 
age at  the  surface  of  the  earth  or  in  the 
lower  atmosphere  (Ref.  37). 

6-6.7  RAIN 

The  rain  test  is  conducted  to  determine 
the  efficiency  of  protective  covers  or  cases 
designed  to  protect  equipment  from  the 


6-64 


AMCP  706-118 


elements.  This  test  is  applicable  to  all  items 
of  unsheltered  ground  equipment  and  may 
apply  in  certain  special  cases  to  sheltered 
and  vehicle-installed  equipment.  The  simu- 
lated rain,  as  used  in  this  test,  is  not  wind 
driven  and,  therefore,  is  unsatisfactory  as  a 
rain-erosion  test.  Rain-erosion  testing  of 
items  such  as  radomes  and  nose  cones 
requires  special  test  procedures. 

The  rain  test  has  not  been  impeded 
through  a lack  of  knowledge  of  the 
environment,  effects,  and  measurements,  but 
rather  in  the  lack  of  development  of  a 
facility  capable  of  simulating  natural  rainfall. 
A satisfactory  facility  has  now  been  devel- 
oped and  is  described  in  MIL-C-8811. 
Chamber,  Rain  Testing  (Refs.  37,41). 

Rain,  as  a source  of  moisture  or  humidity, 
will  promote  the  growth  of  fungus.  In 
general,  rain  as  an  environmental  factor  is 
seldom  considered  as  having  a definite 
relationship  to  the  other  environmental  tests. 

8-6.8  HUMIDITY 

The  humidity  test  is  conducted  to  deter- 
mine the  resistance  of  equipment,  com- 
ponents, and  systems  to  the  effects  of 
exposure  to  warm,  humid  atmospheres  such 
as  encountered  in  tropical  areas.  The  descent 
of  aircraft  from  the  cold,  upper  atmosphere 
to  the  surface  of  the  earth  also  causes 
moisture  problems  even  in  temperate  cli- 
mates. 

Present  day  standards  and  specifications 
for  humidity  tests  have  evolved  through  a 
long  history  of  comparison  studies.  These 
are  accelerated  environmental  tests,  accom- 
plished by  the  continuous  exposure  of  the 
test  item  to  high  relative  humidity  at 
elevated  temperatures.  These  conditions 
impose  a vapor  pressure  on  the  equipment 
under  test  that  constitutes  the  rngjor  force 
behind  moisture  migration  and  penetration. 

It  is  reasonable  to  expect  that  a test  item 
that  corrodes  when  subjected  to  one  of 
these  humidity  tests  would  sooner  or  later 


corrode  in  a natural  tropical  environment. 
The  same  item  also  would  probably  corrode 
after  repeated  exposure  to  water  condensa- 
tion upon  return  of  an  aircraft  from  the 
cold  regions  of  the  atmosphere  to  a warm, 
humid  landing  area.  Experience  has  shown 
that  the  humidity  test  is  one  of  the  more 
difficult  environmental  tests  for  an  item  of 
equipment  to  pass  (Ref.  37). 

Humidity  combined  with  high  tempera- 
ture and  sand  and  dust  will  also  promote  the 
growth  of  fungus.  Humidity  is  a requirement 
of  fungus  and  the  salt  fog  test.  Corrosion  of 
structural  metallic  parts  resulting  from 
humidity  will  accelerate  failure  when  the 
test  item  is  subjected  to  vibration  and 
mechanical  shock  (Ref.  37). 

6-8.9  FUNGI 

The  fungi  test  is  conducted  to  determine 
the  resistance  of  equipment  to  fungi  and  to 
determine  if  such  equipment  is  affected 
adversely  by  fungi.  The  test  involves  ex- 
posure of  components,  equipment,  and 
materials  to  fungi  in  an  environment  highly 
conducive  to  fungous  growth. 

The  fungi  test  procedures  in  current  use 
are  the  result  of  both  experiment  and 
experience.  Fungi  are  living  organisms  whose 
growth  rate  can  be  accelerated  only  slightly 
and  whose  sensitivity  to  various  environ- 
mental factors  cannot  be  controlled  directly. 
This  places  certain  limits  on  test  conditions 
that  cannot  be  changed  arbitrarily.  The 
temperature  and  relative  humidity  used  for 
the  test  provide  optimal  or  near  optimal 
growth  conditions  for  the  fungi  specified. 
Experience  has  shown  that  the  specified 
length  of  time  is  necessary  for  valid  test 
results.  In  most  cases  the  cost  of  continuing 
a test  for  28  days  is  low  compared  to  the 
cost  of  failure  of  the  item  in  the  operational 
environment.  After  a period  of  time,  the 
action  of  moisture  and  bacteria  may  cause 
conditions  that  will  support  fungous  growth 
where  it  would  not  have  occurred  before. 
The  fungi  test  merely  indicates  that  an  item 
can  resist  fungous  growth  for  a time  equal 
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to  the  duration  of  this  test.  The  test  item 
may  or  may  not  remain  free  of  fungous 
growth  for  longer  periods  of  time  in  actual 
service.  However,  some  indication  of  fungous 
resistance  is  highly  desirable  for  military 
hardware. 

Although  materials  that  support  fungous 
growth  are  known  and  cun  be  avoided  in  the 
construction  of  equipment,  the  equipment 
should  still  be  subjected  to  a fungi  test  to 
assure  that  no  fungi-supporting  material  has 
been  inadvertently  used.  Subjection  of 
equipment  or  systems  to  a fungi  test  also 
will  help  demonstrate  the  general  suitability 
of  the  test  item  for  use  in  tropical  areas. 

Recent  reports  have  indicated  that  bac- 
terial and  fungous  growth  still  occurs  in  fuel 
tanks.  Fungi  testing  of  all  parts  and 
components  used  in  fuel  systems  would  help 
solve  this  problem. 

Conspicuously  missing  from  the  present 
fungi  test  criteria  is  a clear  definition  of 
what  constitutes  failure.  This  is  not  easy  to 
determine  because  of  the  complicating  cor- 
rosive effects  of  high  humidity. 

The  fungi  test  can  also  be  considered  a 
humidity  test  for  many  items.  However,  the 
constant  temperature  and  relative  humidity 
conditions  of  the  fungi  test  do  not  provide 
the  breathing  of  equipment  which  occurs 
during  a humidity  test  in  which  the 
temperature  is  cycled.  Another  difference 
between  the  fungi  test  and  the  humidity  test 
is  that  temperatures  of  up  to  I6Q°F  are  used 
in  the  humidity  test  compared  to  a 
temperature  of  86° F used  in  the  fungi  test. 
It  might  be  found  that  28  duys  of  low 
altitude  temperuture  cycles  around  86° F 
would  provide  corrosion  as  great  as  that 
produced  during  the  10  days  of  the  present 
humidity  test. 

Typical  materials  tliut  will  support  and  are 
damuged  by  fungi  arc  eotton:  wood:  linen: 
cellulose  nitrate;  regenerated  cellulose; 
leather;  paper  and  cardboard;  cork;  hair  and 
felt;  natural  rubber;  plastic  materials  contain- 


ing linen,  cotton,  or  wood  Hour  as  a filler; 
plastic  films  containing  fungi-susccptiblc 
plasticizers,  and  elastomers  containing  fungi- 
susceptible  catalysts,  plasticizers,  or  fillers 
(Refs.  33,37). 

66.10  SALT  FOG 

The  salt  fog  test  is  conducted  to  deter- 
mine the  resistance  of  equipment  to  the 
effects  of  a salt  atmosphere.  Dumuge  to  be 
expected  from  exposure  to  salt  fog  is 
primarily  corrosion  of  metals,  although  in 
some  instances  salt  deposits  may  result  in 
clogging  or  binding  of  moving  parts.  In  order 
to  accelerate  this  test  and  thereby  reduce 
testing  time,  the  specified  concentration  of 
moisture  and  salt  is  greater  than  is  found  in 
service.  Tile  test  is  applicable  to  any 
equipment  exposed  to  salt  fog  in  storuge  or 
service  conditions.  Military  operations  have 
revealed  serious  damage  to  metallic  com- 
ponents and  equipment  from  salt  fog. 

The  salt  fog  test  is  the  oldest  of  the 
environmental  tests  dating  back  to  1914.  It 
has  a long  history  of  development  directed 
toward  standardizing  test  conditions  to 
obtain  better  correlation  among  different 
laboratories  conducting  these  tests.  In  addi- 
tion to  being  the  oldest  environmental  test, 
it  is  probably  the  most  controversial.  The 
salt  fog  test  currently  in  use  reproduces  the 
natural  forces  of  saline  deterioration  in  kind 
if  not  in  degree,  and  the  usefulness  of  the 
test  for  evaluation  of  equipment  is  depen- 
dent to  u considerable  degree  upon  the  skill 
und  knowledge  of  the  evaluator. 

The  question  of  correlation  of  laboratory 
tests  with  natural  environments  is  raised 
constantly.  The  prospect  of  devising  a 
uniform  laboratory  procedure  that  would 
exactly  simulate  a complex  variable  such  us 
worldwide  natural  marine  atmosphere  is 
remote.  An  incalculable  amount  of  time  und 
money  already  has  been  spent  for  this 
purpose. 

Experience  has  shown  that  a direct 
relationship  seldom  exists  between  resistance 
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to  salt  spray  corrosion  and  resistance  to  Explosive  atmosphere  tests  have  evolved 

corrosion  in  other  media.  However,  some  from  extensive  research  and  experimenta- 

j idea  of  the  relative  service  life  and  behavior  tion.  These  results  are  reflected  in  the 

of  different  samples  of  the  same  or  closely  requirement  for  the  use  of  aviation  gasoline 

. related  metals  or  of  protective  coating-base  and  the  slowly  varying  altitudes,  both  above 

| metal  combinations  in  marine  and  exposed  and  below  the  test  altitude. 

| seacoast  environments  can  be  gained  by 

means  of  a salt  spray  test.  It  is  especially  The  explosive  atmosphere  tests  arc  in- 

[ helpful  as  a screening  test  for  revealing  tended  primarily  for  use  with  flight  vehicles. 

| inferior  coatings.  Ground  equipment  used  in  or  near  vehicles 

E also  are  tested  in  aecoi  hrice  with  this 

t 6-6.11  SAND  AND  DUST  procedure,  except  that  the  specified  ultitude 

j survey  need  be  conducted  only  to  10,000  ft 

J The  sand  and  dust  test  is  used  during  the  (Ref.  37). 

I development,  test,  and  evaluation  of  equip- 

| ment  to  ascertain  its  ability  to  resist  the  6-6.13  IMMERSION  (LEAKAGE) 

’ effects  of  sharp-edged,  fine  sand  and  dust 

j particles  which  may  penetrate  into  cracks.  The  immersion  test  determines  the  ability 

] crevices,  bearings,  and  joints  and  cause  a of  an  equipment  to  be  immersed  in  fluid 

[ variety  of  dumage  fouling  of  moving  parts,  without  leakage  of  the  fluid  into  the 

making  relays  inoperative,  and  acting  as  a enclosure.  It  is  conducted  to  determine  the 

J nucleus  for  the  collection  of  water  vapor,  it  integrity  of  hermetic  and  gasket  seals  and  is 

is  applicable  to  all  mechanical,  electrical,  applicable  to  all  equipment  incorporating 

electronic,  electrochemical,  and  electro-  such  features, 

mechanical  devices  for  which  exposure  to 

the  effects  of  dry  sand-  and  dust-laden  The  validity  of  any  immersion  or  leakage 

atmosphere  is  anticipated.  Because  of  the  test  as  an  environmental  test  has  been 

abrasive  character  of  sand  and  dust,  items  of  questioned.  It  is  argued  that  the  immersion 

hardware  having  moving  parts  arc  partial-  test  must  be  made  by  the  equipment 

larly  vulnerable.  Aircraft  engines  are  parti-  manufacturer  us  a part  of  his  production  line 

cularly  vulnerable  to  sand  and  dust  entering  quulity  control  and  should  be  specified  in 

through  unprotected  air  intakes  (Ref.  37).  detailed  equipment  specifications  (Ref.  37). 

6-8.12  EXPLOSIVE  ATMOSPHERE  6-6.14  ACCELERATION 

The  explosive  atmosphere  test  is  con-  The  acceleration  test  determines  structural 

ducted  to  determine  the  ability  of  equip-  soundness  and  satisfactory  performance  of 

ment  to  operate  in  the  presence  of  an  equipment  in  an  environment  of  steady-state 

explosive  atmosphere  without  creating  an  accelc  tion  other  than  gravity, 

explosion  or  to  contain  an  explosion  occur- 
ring inside  the  equipment.  Equipments  that  The  acceleration  test  contained  in  MIL- 

are  to  operate  in  potentially  explosive  STl>8 1 0 for  equipment  encompasses  the 

atmospheres  are  operated  in  the  presence  of  general  requirements  of  preceding  aeceleru- 

the  optimum  fuel-air  mixture  that  requires  tion  tests;  c.g..  MIL-E-5272,  such  us  test 

the  least  amount  of  energy  for  ignition.  The  time  durution.  minimum  size  of  centrifuge, 

igniting  energy  may  be  produced  electrically,  axes,  and  directions  of  mounting  the  test 

thermally,  or  chemically,  These  items,  there-  item.  Determination  of  test  levels  was  based 

fore,  are  tested  by  operating  them  in  on  the  assumption  that  in  most  eases  the 

ignitable  fuel-air  mixtures  in  a test  chamber  thrust  and  thus  the  acceleration  is  one  of 

to  Insure  that  the  item  will  not  ignite  the  the  Initial  parameters  determined  or  spcci- 

optimum  fuel-air  mixtures.  fled  in  the  planning  or  development  of  a 
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weapon  >ystem  or  aerospace  vehicle.  These 
determinations  usually  are  reached  long 
before  the  development  of  supporting  hard- 
ware. Therefore,  when  the  design  factors  are 
specified  for  the  supporting  equipment,  the 
location  and  G-levels  anticipated  would  be 
known.  The  multipliers  given  are  based  on 
actual  data  gained  from  past  experiences. 
The  envelopes  given  represent  the  approxi- 
mate severity  of  the  upper  quartile  of  data 
considered  and  do  not  cover  extreme  or 
unusual  environmental  conditions.  It  is 
emphasized  that  these  data  are  not  definitive 
or  mandatory.  The  envelopes  are  presented 
as  suggested  G-Ievel  estimates  that  are 
considered  reasonable  in  the  absence  of 
known  data. 

Acceleration  is  closely  related  to  any 
other  environment  that  can  change  stress 
levels  or  induce  motion  into  the  test  item. 
Further,  sustained  acceleration  usually 
intensifies-or  even  accelerates-effects  of 
other  environments  such  as  vibration,  noise, 
and  shock.  Temperature  gradients  and  ex- 
tremes also  should  be  considered  as  a related 
environment.  Any  environment  that  can 
affect  the  stress-resisting  ability  of  the  test 
item-such  as  abrasion,  salt  fog,  particle 
impacts,  and  sputtering-should  not  be 
ignored.  These  related  environments  shou'd 
be  considered  seriously  for  inclusion  is 
applicable  in  any  test  involving  sustained 
acceleration.  It  is  only  through  such  a 
combined  test  that  a true  assessment  can  be 
made  of  an  equipment  as  related  to  its 
intended  mission  (Ref.  37). 

6-6.15  VIBRATION 

The  vibration  test  is  conducted  to  deter- 
mine that  the  equipment  is  constructed  to 
withstand  expected  dynamic  vibrational 
stresses  and  that  performance  degradations 
or  malfunctions  will  not  be  produced  by  the 
simulated  service  vibration  environment. 
Vibration  effects  are  difficult  to  anticipate 
because  of  the  problem  in  analyzing  attenua- 
tion or  amplification  of  applied  loads. 
Anything  that  can  conceivably  shake  or  jar 
loose  is  suspect. 
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Applicable  standards  and  specifications 
address  themselves  to  vibration  problems. 
Vibrational  characteristics  of  reciprocating 
and  jet  engines  differ  significantly,  for 
example,  as  do  the  characteristics  likely  for 
naval  requirements  and  ground  support 
equipment.  The  latest  environmental  test 
standard,  MI1.-STD-810,  attempts  to  recon- 
cile the  differences  among  earlier  specifica- 
tions (Ref.  33).  MIL-STD-810  also  includes 
new  criteria  for  ground-  and  air-launched 
missiles  and  space  vehicles  which,  prior  to  its 
publication,  had  not  been  considered. 

Certain  newly  developed  vibration  criteria 
are  unique  to  MIL-STD-810.  For  example,  a 
set  of  vibration  test  curves  is  offered  which 
varies  in  verity,  depending  upon  the 
location  of  the  equipment  within  the 
vehicle.  Also  included  is  a new  requirement 
that  the  test  item  demonstrate  proper 
operation  during  vibration  cycling  and  reso- 
nance dwell-ground-taunched  missiles  ex- 
cepted. Air-launched  missiles  are  considered 
for  the  first  time  in  the  vibration  test. 
During  the  first  test  phase,  the  missile  is 
exposed  to  a vibration  test  such  as  that 
imposed  on  the  equipment  located  within 
the  aircraft.  This  is  justified  by  the  fact  that 
the  missile  is  attached  directly  to  the  aircraft 
and  is  essentially  a piece  of  aircraft  hardware 
until  it  is  launched. 

The  vibration  test  curves  of  MIL-STD-810. 
intended  for  testing  aircraft  hardware,  are 
similar  to  the  curves  of  previous  specifica- 
tions. The  frequency  range  of  applied 
vibration  is  still  S to  500  Hz  for  all  test 
curves  except  for  equipment  to  be  mounted 
directly  onto  an  aircraft  engine.  The  500-Hz 
frequency  limit  has  been  retained  because 
the  vast  majority  of  measured  data  recorded 
at  various  equipment  locations  throughout 
modem  aircraft  have  indicated  insignificant 
amplitudes  at  higher  frequencies.  The  test 
curve  required  for  engine-mounted  hardware 
extends  to  2,000  Hz  because  significant 
amplitudes  have  been  recorded  on  some  new 
higher  thrust  engines  within  this  extended 
frequency  range.  The  test  curves  for  equip- 
ment to  be  installed  on  helicopters  were 
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basically  unchanged  from  earlier  specifica- 
tions (M1L-T-5422).  Data  recorded  aboard 
recently  developed  helicopters  did  not  indi- 
cate a need  for  change  (Ref.  33). 

64.16  ACOUSTICAL  NOISE 

The  acoustical  noise  test  is  conducted  to 
determine  the  effects  on  equipment  of 
sound  fields  that  are  characteristic  of 
aircraft,  missiles,  and  other  such  producers 
of  high  sound  levels.  In  general,  equipments 
located  in  areas  where  noise  levels  are  130 
dB  overall  or  less  will  not  require  testing  in 
noise  environments.  The  acoustic  noise  test 
is  not  intended  to  be  a substitute  for  the 
conventional  sinusoidal  or  random  vibration 
test  when  specified  in  equipment  specifica- 
tions. A reverberation-type  test  chamber  is 
required -one  that  is  suitably  formed  and 
proportioned  to  produce  as  closely  as 
possible  a diffuse  sound  field,  the  sound 
energy  density  of  which  is  very  nearly 
uniform  throughout  the  enclosure  along 
with  acoustical  generation,  reproduction,  and 
measuring  equipment  suitable  to  accomplish 
these  tests. 

American  National  Standard  Sl.l., 
Acoustical  Terminology  (including  mechani- 
cal shock  and  vibration)  includes  a compre- 
hensive list  of  standard  terminology  per- 
tinent to  acoustical  noise  tests  (Ref.  42). 

Equipments  that  arc  sensitive  to  vibration 
are  usually  sensitive  to  sound  field  exposure. 
For  this  icason,  a suitable  vibration  test  is 
often  a good  indicator  of  acoustic  sensitiv- 
ity. However,  it  is  possible  that  high 
frequency  resonances  of  some  responding 
equipment  elements  may  be  overlooked 
during  the  vibration  test  due  to  the  high 
frequency  limitation  of  the  shaker  and 
vibration  attenuation  of  the  test  jig  in  the 
equipment  under  test.  Further,  vibration 
isolators  can  be  used  to  protect  equipment 
from  vibration  transmitted  through  the 
vehicle  structure  to  the  various  equipments. 
An  intense  sound  field,  such  as  that 
generated  by  jet  and  rocket  engines,  can 
excite  the  structures  on  which  an  equipment 


is  mounted  or  can  result  in  air-induced 
vibration  that  impinges  directly  on  the 
surface  of  the  equipment 

Analysis  of  acoustic  noise  fields  reveals 
frequencies  of  at  least  3.000  Hz  and 
greater.  For  bulky  test  loads,  the  generation 
ol'  these  high  frequencies  often  exceeds  the 
simulation  capability  of  vibration  shakers. 
The  energy  developed  at  these  high  fre- 
quencies can  have  destructive  effects  on 
small  or  miniaturized  devices  containing 
components  with  high,  natural  frequencies 
and  low  internal  damping.  Examples  of  such 
microphonic  devices  are  electron  tube  ele- 
ments, piezoelectric  crystals,  semiconductor 
devices,  and  miniaturized  relay  parts. 

Acoustic  tests  can  be  especially  valuable 
in  the  higher  frequency  regions;  i.e..  above 
$00  Hz.  When  the  test  item  is  mounted 
directly  to  a shaker  table,  energy  will  be 
introduced  only  through  the  test  item 
mounting  lugs.  It  cannot  be  assured  that  the 
high  frequency  input  at  the  mounting  lugs 
will  be  transmitted  without  attenuation  to 
small  parts  within  the  test  item  that  may  be 
susceptible  to  high  frequency  excitation.  A 
high  frequency  sound  source,  on  the  other 
hand,  may  impress  the  vibration  field 
directly  on  the  part. 

Equipments  with  properties  ihat  are 
insensitive  to  acoustical  noise  arc  those 
having  small  surface  areas,  high  mass-to- 
volume  ratios  and  high  internal  damping. 
Examni«*s  are; 

(1)  High  density  modules,  particularly  the 
solid  or  encapsulated  types 

(2)  Modules  or  packages  with  solid-state 
elements  mounted  on  small,  constrained,  or 
damped  printed-circuit  boards  or  matrices 

(3)  Large  masses -such  as  valves,  hydrau- 
lic servo  controls,  and  auxiliary  power  unit 
pumps 

(4)  Equipments  surrounded  by  heavy 
metallic  castings,  particularly  those  that  are 
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potted  or  encased  within  the  casting  by 
attenuating  media. 

Equipments  with  sensitive  properties  are 
those  normally  classified  as  being  micro- 
phonic  and  those  having  large  compliant 
areas  of  exposure,  low  mass-to-area  ratios, 
and  low  internal  damping.  Examples  are: 

(1)  Equipment  with  high  frequency  reso- 
nances, such  as  electron  tubes,  waveguides, 
klystrons,  piezoelectric  components,  and 
relays  attached  to  thin  plate  surfaces 

(2)  Equipment*  containing  or  consisting 
of  exposed  diaphragmatic  elements  such  as 
pressure-sensitive  transducers,  valves, 
switches,  relays,  and  flat,  spiral  antenna 
units  (Ref.  32). 


64.17  SHOCK 

The  shock  test  is  conducted  to  determine 
that  structural  integrity  and  performance  of 
equipment  are  satisfactory  with  respect  to 
the  mechanical  shock  environment  expected 
in  handling,  transportation,  and  service  use. 

The  service  and  transportation  environ- 
ment consists  of  a great  variety  of  mechani- 
cal shocks,  many  of  which  can  be  severe 
enough  to  damage  equipment.  Rough  handl- 
ing shocks  caused  by  production  ime 
handling,  tiransportation  handling,  warehouse 
handling,  and  handling  by  service  and 
maintenance  personnel  are  a serious  prob- 
lem. Rough  landing  and  crash  landing 
impacts  in  aircraft  provide  two  different 
conditions  to  be  safeguarded  against.  Staging 
shocks  caused  by  explosive  separation  in 
space  vehicles  provide  a wide  range  of  input 
shocks  plus  many  other  types  of  shocks. 
MIL-STD-810  includes  three  major  depar- 
tures from  previous  military  specifications. 
The  most  important  departure  was  the 
removal  of  requirements  for  use  of  specific 
shock  machines.  Instead  of  specifying  the 
machine,  a waveform  is  specified.  As  a 
result,  a lairc  variety  of  shock  machines 


capable  of  producing  the  specified  shocks 
have  evolved.  Some  of  these  machines  are 
great  improvements  over  those  previously 
specified  in  military  specifications. 

Another  important  departure  from  pre- 
vious specifications  is  in  the  specification  of 
certain  characteristics  of  the  measuring 
system,  including  frequency  response.  This  is 
an  important  advance  in  specifying  shock 
tests  because  it  recognizes  the  important  role 
that  instrumentation  plays  in  shaping  the 
recorded  pulse.  These  requirements  are 
meant  to  provide  a maximum  fidelity  record 
of  the  shock  motion.  This  eliminates  past 
practice  of  shaping  the  output  signal  to 
resemble  a half-sine  wave  with  a low  pass  or 
bandpass  filter.  Another  important  departure 
from  previous  specifications  is  the  intro- 
duction of  the  high  intensity  100-ms  terminal 
peak,  sawtooth  shock  test. 


64.18  SPACE  SIMULATION 

Space  simulation  tests  are  intended  for 
the  evaluation  of  space  vehicle  components, 
space  vehicle  subsystems,  and  complete 
space  vehicles,  including  installed  equipment. 
These  tests  are  conducted  to  determine 
whether  space  vehicles  such  as  satellites, 
spacecraft,  space  stations,  and  associated 
equipment  can  withstand  the  deleterious 
effects  of  very  low  pressure,  low  tempera- 
tures, and  solar  radiation.  One  of  the  major 
problems  encountered  in  space  simulation  is 
to  provide  in  one  facility  all  of  the 
environments  to  be  encountered  by  space 
vehicles  from  launch  to  landing.  Some 
environments  of  space,  such  as  weightless- 
ness and  micrometeoroid  hits  will  be  ex- 
tremely difficult,  if  not  impossible,  to  obtain 
in  an  earth-bound  laboratory. 

Test  Method  SI 7.1  of  MIL-STD-810  is  the 
only  military  standard  intended  for  general 
usage  to  contain  a test  procedure  for  some 
of  the  space  environments.  It  is  intended 
only  for  general  guidance  and  for  a means  of 
focusing  attention  on  the  problems  that 
should  be  considered. 
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6-6.19  SUMMARY 


The  environmental  tests  included  in 
present  standards  and  specifications  do  not 
comprise  all  of  the  required  testing  of  a 
complete  system  to  the  gamut  of  terrestrial 
and  space  environments.  Tests  involving 
weather-e.g.,  wind,  snow,  hail,  sleet,  and 
lightning-are  not  included  in  such  standards 
and  specifications.  Such  tests  are  accom- 


plished through  actual  flight  testing  and 
exposure  at  outdoor  sites  or  in  all-weather, 
climatic  facilities.  The  environmental  tests 
discussed  in  standards  and  specifications  are 
treated,  for  the  most  part,  as  individual 
stresses.  With  the  exception  of  the  tempera- 
ture-altitude test  and  the  low  pressure,  solar 
energy  test,  procedures  as  now  organized  do 
not  intentionally  combine  two  or  more 
environmental  factors  for  the  purpose  of 
determining  mutually  debilitating  effects. 
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